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THE coxr ox- OF SPACECRAFT CONTAMINATION - 
W H E R E  A R E  W E  GOING? 
E. N. Borson 
iMATERIALS SCIENCES 
IVAN A. GETTING LABORATORIES 
T H E  AEROSPACE CORPORATION 
Spacecraf t  conts.liGnatirJn control  was  der ived  f r o m  technolgies  developed 
fo r  a i r c r a f t  and missile s y s t e m s .  Fluid s y s t e m s  had to be free from par t icu-  
l a t e s  that  could damage  components ,  liquid and gaseous  oxygen s y s t e m s  had to 
be free of m a t e r i a l s  that could r e a c t  with the fluid, and fo r  good housekeeping, 
a "visual ly  c lean" level of environment was maintained.  
It soon became sppa ren t  t h a t  there  w e r e  additior.al types  of contaminat ion 
p r ~ b l e r n s .  spacec ra f t  w i i i d ~ w s  became clouded, t h e r m a l  cont ro l  s u r f a c e s  w e r e  
degrading  at higher  thzn anticipated r a t e s ,  and par t icu la tes  around spacec ra f t  
. 
w e r e  affecting s t a r  sensors. -- 
The symposium 011 optical  contamination in space ,  sponsored  by the  
'c)c:.:y iMountain Section of the  Optical  Society of Amer ica ,  was held in August 
1969.  
sympos ium are  s t i l l  of i n t e re s t .  
A review of the p r o g r a m  shows that m o s t  of the  topics  f r o m  tha t  
T h i s  pape r  will note the  c u r r e n t  problem a r e a s  and d i s c u s s  the  subject  
f r o m  a s y s t e m  engineering point of view. 
are projec t  organizat ion for contamination control ,  s t anda rds ,  cos t ,  and m a j o r  
un reso lved  i s sues .  
Among the topics  to  be d i scussed  
I 
,/ 
T X E  FOLLOWING A 3 S T R A G T S  HAVE BEZX RECEIVED FOR T H E  
CONFERENCE.  
i 
SESSION AND P A T E E  NUiMSER A R E  BEFOIZE EACH 
A COMPILATION O F  COMPLETE PAPERS WILL BE 
ABSTRACT. 
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OUTGASSING OF MATERIALS IN THE SPACE ENVIRONMENT 
A THERMOKINETIC APPROACH 
T. A. Hughes 
St. Louis, Missouri 53166 
McDonnell Douglas Astronautics Ccmpany-St. Lou 
* . ABSTRACT 
S 
Previous efforts to model the outgassing of polymers on spacecraft have 
None o f  these approaches been partly empirical and partly educated guesses. 
have been successful in effectively describing the process in terms of time 
- and temperature in such a manner that outgassing could be predicted in advance 
so that valid assessments could be made of its effects on various optical 
systems. 
This report provides a fresh approach to this problem by relating the 
-.outcjassing to basic chemical reaction kinetics, which provides a powerfui tool 
fgr such estimations and also provides an ir,sight to the bzsic mechznisms in- 
volved. The general equations of the total outgassing quantity are derived, 
as well as the outgassing rates, as functions of time and temperature. 
results are shown to be consistent with experimental data obtained jn earlier 
programs. While there is much evidence that suggests outgassing’is primarily 
a first-order reaction, the equations are presented here for both first-order 
and other- t han-f i rst-order reactions. 
The 
The power of the reaction-kinetics approach lies in its applicability 
whether the outgassing mechanism is due to desorption, diffusion, thermal 
decomposition or evaporation. 
minor constituents of the parent material outgas, or whether the entire substance 
may outgas. 
It also illuminates those situations where only 
To implement the use o f  this approach certain thermokinetic parameters 
must be measured for each material o f  interest. 
ssary data can be obtained through sensitive thermogravimetric analysis (TGA) 
techniques. 
It is suggested that the nece- ? 
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Abstract 
I .  
An analy t ica l  mdel t o  compute t h e  n e t  deposit ion rate 
of v o l a t i l e  condensible materials (VCM) on the surfaces 
of a s a t e l l i t e  i n  deep space i s  derived from the  Boltzrcann 
equation of m l e c u l a r  transport. 
E. A. Zeiner 
Sc ien t i s t  
Aerojet ElectroSystems Company 
Azusa, California 
0 
A n  ana1:rtical node1 is derived t o  calculate t he  deposit ion of Volat i le  condensible 
materids (VCM) which are released f rom various non-cletallic source u t e r i a l s  on a 
s a t e l l i t e  i n  the space environment. 
ve loc i ty  d i s t r ibu t ion  and r e s u l t s  i n  an in tegro-d i f fe ren t ia l  Boltznann equztion of 
t ranspor t  i n  spher icd .  coordinates for the t r a fkpor t  of VCM molecules through 211 
I n  deep space the a s swpt ion  of co l l i s ion- f ree  
t ranspor t  results i n  free molecule flow w i t h  a MaxlJelLian d i s t r ibu t ion  i n  speed. 
Subsequently the  ve loc i ty  vector d i s t r ibu t ion  can be formulated as  the product of a 
s c a l a r  speed d i s t r ibu t ion  2nd a s p a t i a l  d i s t r ibu t ion  of mlecu le s  'which i s  e q u i v d e n t  
t o  the one-group approximtion of t h e  t ransport  equation which is  ap>lied i n  neutron 
a n d y s  is. 
The derivation def ines  an appropriate m l e c u l a r  
. absorbing and sca t t e r ing  medium. 
Under f r ee -mlecu le  conditions, the usual s p a t i a l  in tegra t ion  of t he  mltzmann 
equation i s  transformed in to  a surface integration over the N nodes of an enclosul-e 
zjhich bound the  VCM vapor where each nodal. s p a c e  has a d i f f e ren t  terperature.  
This divides  the  n e t  ~ d s s  flux 
source mass emission rates by an 
'this oatrix are algebraic  f m c t i o n s  of the  d i f fuse  angle f ac to r s  betveen 'the nodes 
and a set of X2 e q i r i c a l  condensation coeff ic ients .  
balance r e s u l t s  i n  a set  of N l i r ,ear ly  coupled equations which simultvleously 
Final ly ,  a mass cont inui ty  
c o q u t e  the ne t  mass deposit ion r a t e  on each node. L- 
To apply t h e  equations, the time-dependent outgassing cha rac t e r i s t i c s  of the source 
nodes and reemission f r o a  VCM r?cdes 8 s  well as the zondensatlsn coef f ic ien ts  Cust be 
experimcntully determined f o r  t he  temperature range through which the  system i s  t o  
operate. 
microbalances (QCMs) are used t o  meastlre t h e  source and VCM k ine t ic  propert ies ,  
then the equations derived w i l l  compute the nodal mass flux t ransport  without e x p l i c i t  
knowledge of any VCM molecular properties.  
determined, t h e n  the  nodal vapor pressure and hea t ing - ra t e s  can be coqu ted  from the 
l o c a l  wmentum flux tensor and the  energy f lux vectors respectively.  
* ? 
If gra ; l imtr ic  techniques such as vacuum microbalances md quartz c r y s t a l  
However, if t he  molecular w e i g h t  can be 
' 
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OVTGASSIIU(; FATE DATA FOR MULTILAYER INSULATION YATEXIALS 
A.P.M. Glassford and C.  K. L i u  
#Lockheed Pa10 Alto Research Laboratories 
/ 
Outgassing r a t e  data  have been obtained f o r  mult i layer  i n su la t ion  (,%I) 
mater ia l s .  
various o ther  shield 2nd spacer material .  The data  a r e  i n  t h e  form of  mass 
evolved per un i t  area per un i t  time f o r  isothermal specimens as a funct ion of time 
for  a range of constznt temperatures. 
least two comlon p r a c t i c a l  prcblems. 
vapor, which can condense on c r i t i c a l  surfaces of cooled sensor systems. 
evidence t h a t  water .Apor condensation has caused f a i l u r e  o r  ser ious degradation 
of severa l  o rb i t ing  sensors which incorporate a considerable quant i ty  of XLI i n  
t h e i r  design. 
i t y  of MLI wrapped on,a  p r a c t i c a l  system i s  s ign i f i can t ly  higher than the i d e a l  
value determined by f la t  p l a t e  calorimetry. 
w a l d b e  caused by t h e  presence of outgas products, which could cause addi t iona l  
gas phase conduction, o r  could condense on shield surfaces increasing t h e i r  en i t -  
tance. Though t h i s  may not be the reason, outgassing data a re  necessary f o r  
diagnosis.  
The mater ia l s  t e s t e d  include double aluminized Mylar, Dacron ne t  and 
Data of t h i s  type a re  needed t o  resolve a t  
F i r s t ,  U I  is  a s ign i f i can t  sowce  of water 
There i s  
Second, i'i, i s  general ly  found t h a t  t h e  e f f ec t ive  thermal conductiv- 
The higher p r a c t i c a l  conductivity 
MLI outgassing r a t e  data  nave been generated previously, bu t  t he  apparatus 
and techniques used were general ly  of l e s s  than adequate accuracy, s e n s i t i v i t y  . 
and f l e x i b i l i t y  t o  generate t h e  type of data  needed fo r  so lv i rg  engineering pro- . 
blems of t h e  type noted. The experimental techniques used i n  these e a r l i e r  deter-  
z ina t ions  were based on pressure measurement, and were subject t o  e r r o r s  i n  
absolute  magnitude and low sens i t i v i ty .  
recent ly  developed a p p r a t u s  of high accuracy and s e n s i t i v i t y  which uses a l i qu id  
ni t rogen temperature quartz  c r y s t a l  microbalance t o  co l l ec t  outgas e f f lux  from a 
Knudsen ce l l - type  sam?le holder. 
t he  e a r l i e r  da t a  f o r  equivalent t e s t  conditions. 
The present data were obtained using a 
I n  t h i s  paper the  new data  are compared with 
Possible t h e o r e t i c a l  models f o r  the  outgassing process a re  presented and d is -  
cussed. 
o r ,  as would be expected from simple bulk d i f fus ion  o r  simple surface desorp-cion 
mechanisms. 
so,following t h e  suggestion of previous workers, a mbdel based on a d i s t r ibu t ion  
of ac t iva t ion  energies has been investigated.  
The time dependence of t he  outgassing r a t e  i s  ne i ther  inverse ha l f  power 
This ind ica tes  t h a t  a more sophis t icated outgas model i s  required,  
I- 4 
APPLICABILITY OF T H E R M O G R A V I X T R I C  ANALYSIS TO SPACE C0:WAMINATION 
J.  A. Muscar i ,  R. 0. Rantanen, N. J .  Pugel  
M a r t i n  M a r i e t t a  Aerospace 
To e s t a b l i s h  t h e  e x t e n t  of  t h e  induced contaminant  environment  and i t s  
e f f e c t  upon a s a t e l l i t e ,  a n a l y t i c a l  approaches  have been developed  t o  
d e f i n e  and q u a n t i f y  t h e  p r i n c i p l e  parameters .  This h a s  been accomplished 
th rough  deve lop ing  e q u a t i o n s  which c o n t a i n  all t h e  p rope r  p h y s i c a l  re- 
l a t i o n s h i p s  which a re  t h e n  suppor ted  by necessa ry  t e s t i n g .  To cha rac -  
t e r i z e  the contaminant  s o u r c e ,  material p r o p e r t i e s  such as t h e  molecu la r  
m a s s  l o s s  ra te  p e r  u n i t  area o f  t h e  s u r f a c e  as a f u n c t i o n  o f  t e m p e r a t u r e  
and t i m e  a re  needcd. The bulk  of  t h e  material d a t a  a v a i l a b l e  i s  t e s t i n g  
based  on T?lL/VCM a t  a s o u r c e  tempera ture  of 125OC and a c o l l e c t o r  tempera 
t u r e  of  25 C. 
t i o n a b l e ,  e s p e c i a l l y  t o  t h e  h igh  tempera tures  expec ted  a f t e r  a l a s e r  i m -  
p a c t .  The t echn ique  of  thermogravimet r ic  a n a l y s i s  (TM) i s  b e i n g  s t u d i e d  
as  a c a n d i d a t e  material t e s t  procedure  t 6  Trov ide  t h e  necessa ry  mater ia l  
p a r a m e t e r s  f o r  c o n t a n i n a n t  s o u r c e  equa t ions .  E x t e n s i v e  TGA tes ts  have 
been performed t o  c h a r a c t e r i z e  some of t h e  f a c t o r s  t h a t  i n f l u e n c e  t h e  
thermogram of t h e  sample.  Both dynamic and i s o t h e r m a l  TGA w i l l  be  re- 
0 E x t r a p o l a t i o n  of  TML/VCM t o  o t h e r  t empera tu res  i s  ques-  





OUTGASSING MEASUREMENTS ON MATERIALS Ti VACUUM USING A 
VACUUM BALANCE AND QUARTZ CRYSTAL BALANCES 
A. Zwaal, G. A.  F. P r e m a t  
P r o d u c e  A s s u r a n c e  Div. ESTEC, Noordwijk, the Nether lands  
F o r  the pred ic t ioz  of c leanl iness  leve ls  around s p a c e c r a f t  and on 
c r i t i c a l  s p a c e c r a f t  s u r f a c e s  one needs bes ides  a ma themat i ca l  mode l  
a number  of outgas sing c h a r a c t e r i s t i c s  on s p a c e c r a f t  m a t e r i a l s .  
What i s  r equ i r ed  is the  t ime  and t e m p e r a t u r e  dependant da ta  such  
a s  the to t a l  outgassing r a t e s ,  condensation r a t e s  of the contaminants  
produced onto, s u r f a c e s  .and re -evapora t ion-  r a t e s .  
A s  the  Mic ro -VCM outgassing da ta  a r e  of l imi ted  value in the 
p red ic t ion  of spacec ra f t  contamination ESTEC developed a n  outgass ing  
s y s t e m  using a vacuum balance  and gua r t z  c r y s t a l  ba lances .  
T h e  idea behind this development is the d e s i r e  to obtain Ar rhen ius  
type outgassing equations in which the outgassing is a function of t emp-  
e r a t u r e ,  act ivat ion ene rgy  and t ime.  
. 
T h i s  paper  d e s c r i b e s  the outgassing s y s t e m  and gives  a number  of 




SHUTTLE ORBITER/SPACELAB INDUCED ENVIRONMENT TECHNICAL OVERVIEW 
I,. Fa'. &mien,  .%mior Engineer 
Martin Marieitn Aeroopace, Box 173, Denver, Colorado 80201 
ABSTRACT 
This paper presents a Compilation of the results of a systems level 
contam nation analysis and related computer modeling activities conducted by 
Martin Marietta Aerospace, Denver Division over the past three years under 
in-house Internal Research and Development activities and separate contracts 
to Johnson Space Center for the Shuttle Orbiter and Marshall Space Flight 
Center for the Spacelab carrier. It depicts our current technical assessment 
of the Contamination problems anticipated during the STS program and presents 
recommendations for contamination abatement designs and operational procedures 
based upon experience gained in the field o f  contamination analysis and assess- 
ment dating back to the pre-Skylab era. 
has recently become extremely important as a basic design parameter for such 
sophisticated programs as the NASA/DOD Space Transportation System (STS) and 
its numerous ultrasensitive payloads. The degree of efficiency to which the 
STS design meets the contamination cont>ol criteria as dictated by the STS 
payload cornunity will determine the ultimate utility o f  the STS t o  provide 
the scientific and military communities with the platform from which t o  con- 
duct desired investigations with assurance that the induced environment will 
not compromise payload objectives. 
The impact of the induced contaminant environment of a space vehicle 
._ 
' 
To accomplish this, the scientific user community has established cer- 
These criteria are discussed along with their meaning as translated to 
Included in the criteria are limitations on: 
tain contamination control criteria for the STS to attempt to motivate the 
spacecraft designers to consider the contamination impacts in their final pro- 
duct. 
the ultimate STS design through use o f  a contamination computer model. 
contaminant molecules along a scientific instrument line-of-sight; 2) the 
number of particles appearing within a scientific instrument's field-of-view; 
3)  the background brightness induced by scattering or emission of radiant 
energy by the contaminant environment; 4 )  the return flux of contaminant mole- 
cules to a sensitive surface resulting from collisions with the ambient atmos- 
phere; and 5 )  the level of contaminant deposition and/or the resulting absorp- 
tien o f  radiant energy G: a sensitive surface. 
As a result of the systematic evaluation of the STS induced contamin- 
ant environment, conclusions are drawn and recomnendations for STSlpayload 
design and operational contamfnation avoidance are made. 
sion developed from this evaluation is that due to the programmatic require- 
ment that the STS be a highly flexible/diversified vehicle with a multitude 
o f  uses and objectives that a contaminant free environment acceptable to all 
payloads cannot be provided economically through design alone. The proper 
approach would, therefore, be to optimize the current design and institute 
strict mission timeline and operational planning based upon individual payload 
mixes and mission objectives. 
altitudes, attitudes, vent time1 ines and exposure times for a particular 
mission to minimize potential contaminant impacts. 
1) the total number of 
E 
The primary conclu- 
Such planning will dictate allowable orbital 
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INFRARED RADIATION FROM THE SPACE SKUTTLE CONTAMINANT EXVIRONNENT by J.P. Simpson 
and F.C. Witteborn,' Space Science Division, NASA-Ames Research Center, Floffett 
Field, CA 9 4 0 3 5 .  
originating on the Shuttle. The molecules come from outgassing, cabin leakage, 
flash evaporators and other man controlled vents, and rocket exhaust. Particles 
are thought to come from abrasion, ablation of surfaces, dust trapped in cracks, 
dust from vents and cabin leaks, ice particles from improper venting, and droplets 
of unburned fuel. Simpson and Witteborn (1977, Applied Optics 1 6 ,  2051-2073) have 
discussed the effect of the infrared radiation from molecules and particles from 
4 pm to 200 Bm on a sensitive infrared telescope. 
non-Shuttle infrared sources such as the atmosphere of the earth and the inter- 
planetary dust/zodiacal light.) 
nant environment is tolerable only when it is at its minimum--when there are no 
rocket firings and the flash evaporators and the manually controlled vents are not 
being used. This report extends the predicted infrared spectrum from the molecular 
contaminants H 0 and CO down to 2 urn. It also discusses the sighting frequency 
and infrared spectrum o$particles caused by spallation of the surfaces of the 
Shuttle tiles by micrometeoroid impact. 
H 0 and CO are the most important infrared active molecules that come from 
outgassing, cabin leakage, or evaporators. It is assumed that the initial popula- 
- tions of the molecular levels are given by thermodynamic equilibrium (TE). In a 
vacuum the molecules radiate until they comh into equilibrium with the radiation 
field of the earth and sun. The time it takes depends on the Einstein transition 
probability. Meanwhile the molecules move away frgm the Shuttle; only the nearby 
ones are detected by Shuttle-borne experiments. 
transitions with small transition probabilities (long lifetimes) is given by the TE 
fomulae (such as the 15 pm band of C02 and the 6 . 3  pm band of H 0). 
large transition probabilities (such as the 4 . 3  um band of CO and the 2 . 7  pm band 
of H 0 are in equilibrium with the radiation field of the sun or earth (the latter 
is very weak). 
atmosphere, the H 0 bands are also excited by collisions with oxygen atoms. This 
results in additional radiation. For CO this excitation is almost negligible. 
Hypervelo- 
city impacts of micrometeoroids make small craters, from which particles are 
ejected at high velocities (other particles are ejected at low velocities). The 
shocked or even melted particles have much higher temperatures than the surface; 
they cool to ambient within a few seconds. 
most of the particles that pass through the 1 5 '  field of view of a one meter 
diameter telescope do so almost hediately after ejection. 
1-20 urn particles is that of a silicate, with emission peaks at 10 urn and 20 pm and 
emissivit'ies that decrease rapidly at longer wavelengths. 
authors' earlier conclusion that the Shuttle environment would be suitable for 
sensitive infrared astronomical observations with appropriate constraints on 
Shuttle observations. The nature of the expected sources, however, should be 
considered in the design of instruments planned for use in the Shuttle environment. 
The Space Shuttle contaminant environment consists of molecules and particles 
(This paper also discusses 
They conclude that the radiation from the contami- 
2 
2 2 
Consequently the radiation frosn * 
Bands with 2 
2 
2 Since the Shuttle is actually moving through the earth's upper 
2 
2 The surface of the Shuttle tiles is coated with borosilicate glass. 
However, because of the high velocities, 
The spectrum of the 
Estimates of radiation from the sources discussed here do not change the 
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Spasecraf t Contmination Model Development 
BY 
J. M. Millzrd and C. R. b a g  
Aero j e t  ElectroSystems Company 
Azusa, Cal i forn ia  
. I  
P 
This paper presents  t he  res-dts O f  the ccmputer zodelling a c t i v i t i e s  znd r e l a t ed  
s y s t e m  l e v e l  contuninatis3 analpis conducted by Aerojet ElectroSystens Coqacy. 
A contanination Eoclel i s  Cefined t h a t  has appl icat ion t o  any spacecraft system,. 
The m d e l  or ig ina ted  durir.3 on-going programs conducted f o r  t h e  A i r  Force. ??,e 
model has t h r e e  major e l ezec t s  t h a t  can be integrated i n t o  concise sets of 
equations. The bas ic  e l e z x t s  are source k ine t i c s  including deposited m t e r i d  
d e e o q t i o n  k ine t i c s ,  t rans_=ort  mchanisms and degradation e f fec ts .  
. 
. 
The 4e ro je t  Mass Analyzer Trogram (AMAP) i s  designed t o  determine t h e  contaminant 
source emission and re -es izs ion  mass deposition rates on the  surfaces of a vehicle 
i n  a space environment usir.3 l i n e  of s igh t  theory end d i f f u s e  eniss ion behavior. 
This program a l s o  account= f o r  the  deviation from these  a s s t q t i o n s  f o r  surfaces 
such as t h r u s t e r s  with s p e c i a l  shape f ac to r  input parameters. 
capable of analyzing t h e  ccntaminant mass d i s t r i b u t i o n  and subsequent degradation 
e f f ec t s  f o r  problem with q~ t o  130 nodes and 40 d i f f e r e n t  source and deposited 
contaminants. Such a sollAion i s  found by computing a separate  so lu t ion  f o r  each 
contaninant a d  s u p e r i q c s i n q  these solut ions f o r  t h e  c o q l e t e  solution. 
coe f f i c i en t s  are i n  r e a l i t y  accommodation coef f ic ien t?  as used i n  t h i s  program. 
Multiple r e f l e c t i o n s  are Exounted f o r  i n  t h e  solution. 
geometries t o  be cor,sidered 8s a function of temperature. 
small quan t i ty  of m s s  (percent?se-wise) which i s  e l a s t i c a l l y  r e f l ec t ed  mc! i s  z ~ t  
accommdated on any surface is l o s t  to space. 
to determine the re turn  of ionized spacecraft generated molecular material  and 
subsequent i n t e rac t ion  with the  magnetosphere (space charge e f fec ts  ). 
The c o r r e l a t i o n  of the  ansrljsis with observed r ad ia to r  degradation of a geosyn- 
chronous a l t i t u d e  satellif& w i l l  5e b r i e f l y  presented t o  show t h e  merit of t he  
modelling approach. 
The progrm i s  
S t ick ing  
This allows f o r  complex 
It i s  assumed t h a t  the  
The mdel i s  being f u r t h e r  developed 
? 
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An improved Analytic Technique t o  ? r ed ic t  Space System C o n t h n a t i o n  
R. R. H a l e  
AeroJet ElectroSystens Company 
Azusa, Cal i forn ia  
Abi i i ty  t o  p red ic t  contanination deposits on sens i t i ve  surfaces of e space sys teg  
due t o  mass t ransport  e f f ec t s  is desired f o r  environments raoging from atnospheric 
pressure t o  the hard vacuun of deep space. 
ignores molecular co l l i s iocs  and therefore my yie ld  considerabie predict ion e r r o r  
when applied t o  high a o l e c d a r  d m s i t y  s i tuat ions.  
by def ining an index p a r m e t e r  which dynemically evaluates the  l o c a l  m l e c u l a r  
co l l i s ion  frequency m d  indicates whether a l ine-of -s ight  t ransport  Eodel i s  ve l id  
or if a model vhich accomts f o r  nolecular co l l i s ions  should be uses. For an irdex 
ps;.z=ter value of l e s s  thzn 10-3 collisions/sec/crn3, the  l ine-of -sight model can 
be accurately applied. 
(gcncrally including prelaunch a c t i v i t i e s  through inse r t ion )  the co l l i s iona l  
frequency rw-gcs up t o  th i r t ecn  crdcrs of magnitude higher than the  threshold value. 
Thcrcrorc u di f fus ion  t r m s p o r t  nechanism p reva i l s  which can cause s igni f  Lcant i n t r a -  
surface mass f lov  not accounted fo The number of iml-ecular 
during a pre- inser t ion  period of 1$ seconds. 
Lire-of-sight contamination rmdel theory 
. This problem has been addressed 
However, f o r  the  ea r ly  phases of t - n i c z l  spece missions 
by l ine-of-s ight  theory. 
in te rac t ions  CUI e a s i l y  exceed l& -8 col l is ions pe r  cubic meter of payload volume 
A new mathematical model t o  pred ic t  diffusion mass transport  amng surfaces is  
described which accounts f o r  inter-Zolecular c o l l i s i o n a l  behavior. 
charzcter izat lon u t i l i z e s  dxpaaic t 'nernal h i s t o r y  behavior f o r  t he  surfaces of 
i n t e re s t .  
during Fiscent t 3  ca lcu la te  molecular co l l i s ion  probabi l i t i es .  
c i en t s  f c r  v a r l m i s  t e i i p r n t i i r e s  are svaluated f o r  each surface i n  a rnanner which 
s iml la tcs  t h c i r  a i s s ion  tenpera twe cycles. The input da ta  f o r  t h i s  port ion of t he  
contamination nodel 1s developed from thcrrnd. models, arid il "sojourn" time and 
acccmmdstion coef f ic ien t  descr ipt ion i s  applied t o  surface Sehavior. 
The m d e l  has been.used t o  pred ic t  ne t  contamination conditions a t  inser t ion  f o r  a 
geospchronous sa te l l i t e  launched on a T i t a n  34D vehicle. 
analpis is presented and fur ther  zpplications t o  z l te rna t ive  launch technlques a re  
reviewed. 
t he  d i f fus ion  o r  t he  l ine-of-sight contamination t ransport  calculations,  as ap- 
propr ia te  t o  the mission instantaneous environment, is also given. 
The nathenat ical  
It e v d u a t e s  the  instantaneous l o c a l  atnospheric pressure p r i o r  t o  and 
Adsorption coef f i -  
! 
r 
Output data  from t h a t  
A descri_ption of t he  p a r m e t r i c  index which allows se lec t ion  of e i t h e r  
XI- 5 
J. E. Hueser and F. J. Brock 
Old Dominion University,  Norfolk, VA 23508 
A d i r e c c  simulation Monte Carlo program has been developed :s?-tich i s  capable of 
analyzing t h e  nonequilibrium, three-dimensional ex terna l  flow i n  t h e  v i c i n i t y  of  t h e  
o rb i t i ng  Shu t t l e .  The volume of the  f l o w  f i e l d  surrounding t h e  Shut t le ,  within 
which t h e  ana lys i s  is executed, is  typ ica l ly  of t he  order  of 106m3. 
f lux  d e n s i t y  inc ident  on t h e  f low f i e l d  boundaries i s  ca l cu la t ed  from t h e  p rope r t i e s  
of a blaxwellian gas d r i f t i n g  a t  o r b i t a l  ve loc i ty .  
a r i e s  are t h e  S h u t t l e  surfaces ,  t h e  geometry o f  which are wr i t t en  i n t o  the  program 
code. The program provides f o r  sur face  emission (outgassing) and d i s c r e t e  S h u t t l e  
gas sources  located a t  prescr ibed points  on the  Shu t t l e  ( leaks ,  duxps, rockets) .  
The program honors a l l  t h e  physical conservation laws, molecular c o l l i s i o n s  a r e  cal- 
culated according t o  c l a s s i c a l  co l l i s ion  dynamics using e i t h e r  hard sphere o r  
inverse 9 t h  power mole'cules, throughout t h e  flow f i e l d  a l l  modeled nolecule  t r a j e c -  
t o r i e s  clre ca lcu la ted  incrementally, and molecular emissions and r e f l e c t i o n s  from 
che S h u t t l e  sur faces  a r e  t r ea t ed  according t o  t h e  cosine law. Problem var iab les  
which are s 2 e c i f i e d  by numerical input include: o r b i t a l  ve loc i ty ,  freestream 
dens i ty  and temperature, c o l l i s i o n  cross sec,tion, Shu t t l e  angle  of  a t tack,  sur face  
temperature, bay doors open o r  closed, surface outgassing ra te ,  and Shu t t l e  d i s c r e t e  
source fluxes.  The flow f i e l d  var iables  computed i n  t h e  3lonte Carlo ana lys i s  
include: t h e  dens i ty ,  ve loc i ty  and temperature d i s t r i b u t i o n s  throughout t he  flow 
f i e l d ,  t h e  backscat tered f lux  dens i ty  (upstream flow), t he  f l u x  dens i ty  inciden: on 
eadi  element o f  t h e  Shu t t l e  surface and t h e  molecular coluiin dens i ty  a s  viewed from 
the  payload bay i n  spec i f ied  d i rec t ions .  
l a t i o n s  y i e l d  separa te ly  the  densi ty ,  f lux dens i ty  and column densizy d i s t r i b u t i o n s  
f o r  f reestream molecuics, surface re f lec ted-  molecules, c o l l i s i o n a l l y  a f fec ted  mole- 
cules ,  outgassing molcculc's, and d i sc re t e  source moleculcs. Both t r a n s i e n t  and 
s t eady- s t a t e  flow phenomena may be analyzed. 
The ex tcrna l  
The i n t e r n a l  flow f i e l d  bouzd- 
In addition t o  these  parameters, t h e  calcu- 
Flod f i e l d  analyse:; hsve been made for a range o f  o r b i t  he 'ghts,  Shu t t l e  outg2.s- 
s ing  ra tes  and Shu t t l e  a t t i t u d e s .  
approaching t h e  maximum expected value, t h e  r e tu rn  f l u x  dens i ty  of outgassed mole- 
cu les  inc iden t  on some of t h e  Shu t t l e  surface elements i s  comparable with t h e  
s t a t i o n a r y  freestream f l u x  density.  This r e s u l t  implies t h a t  some experiments con- 
ducted i n  t h e  payload bay (such as astronomy experiments which use low temperature 
op t i c s )  nay r i s k  contamination. I t  i s  f u r t h e r  found t h a t  t h e  backscattered f lux  
dens i ty  (upstream flow component) :an exceed the  s t a t iona ry  freestream f l u x  dens i ty  
aad t h a t  t h i s  component diszppears only us11 a f t  of +L- c i I G  S'-*++ rrclLLle.  This res i l l t  i s  
important i n  determining the  loca t ion  of t h e  molecular sh i e ld  s ince  t h i s  f l ux  dens i ty  
can e n t e r  t h e  molecular sh i e ld  and contr ibute  t o  the  sh i e ld  i n t e r n a l  dens i ty  and 
contaminate t h e  experiments conducted within the  sh ie ld .  
analyses  w i l l  be presented and discussed with respect  t o  contamination implicat ions 
f o r  experiments located i n  t h e  payload bay, located i n  the  immedizte v i c i n i t y  of t h e  
Shu t t l e ,  and located i n  devices which a re  separated from t h e  S h u t t l e  by a long boom 
(such as t h e  molecular sh i e ld  and the  molecular beam apparatus) .  
I t  is found t h a t  f o r  S h u t t l e  outgassipg rates 
Compctecl flow f i e l d  
t .  
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NASA CHARGING ANALYZER PROGFWI - A COXF'L'TER TOOL 
THAT CAN EVALGATE EZLECTROSTATIC CONTAMINATION 
N. John Stevens  and James C.  Roche 
NASA-Lewis Research C e n t e r  
Cleveland,  Ohio 44135 
One of t h e  areas of  concern  i n  s p a c e c r a f t  c o n t a m i n a t i o n  is  t h e  d e p o s i t i o n  of  
charged  p a r t i c l e s  on t h e  s a t e l l i t e  s u r f a c e s .  These p a r t i c l e s  are a t t r a c t e d  t o  
s u r f a c e s  by e l e c t r o s t a t i c  f o r c e s  between t h e  par t ic le  and t h e  charged s u r f a c e  of 
t h e  s a t e l l i t e .  The s o u r c e  of p a r t i c l e s  can b e  t h e  n a t u r a l  envi ronment ,  charged  
p a r t i c l e s  e m i t t e d  from t h e  s p a c e c r a f t ,  or o u t g a s s i n g  p a r t i c l e s  i o n i z e d  by e l e c t r i c  
f i e l d s  around t h e  s a t e l l i t e .  The r e s u l t  of  t h i s  d e p o s i t i o n  can b e  a s i g n i f i c a n t  
d e g r a d a t i o n  of t h e  s u r f a c e  which can d i s r u p t  s c i e n c e  measurements o r  performance 
of t h e  t h e r m a l  system. . .  * 
To s tuCy t h i s  phenomenon r e q u i r e s  an a n a l y t i c a l  t o o l  t h a t  w i l l  p r e d i c t  s u r f a c e  
c h a r g i n g  on any s p a c e c r a f t  s u r f a c e  due t o  t h e  environment ,  p r e d i c t  changes due t o  
t h e r m a l  o p e r a t i n g  c o n d i t i o n s ,  g e n e r a t e  f i e l d s  s u r r o u n d i n g  t h e  s p a c e c r a f t ,  and 
trace p a r t i c l e  t r a j e c t o r i e s  t o  de te rmine  i f  t h e y  r e t u r n .  Such a t o o l  h a s  been 
g e n e r a t e d  as p a r t  of t h e  j o i n t  AF-NASA S p a c e 6 r a f t  Charging I n v e s t i g a t i o n .  
t o o l  i s  c a l l e d  NASCAP, an  acronym f o r  E A C h a r g i n g  - Analyzer  Program. 
T h i s  
NASCAP h a s  been developed t o  s t u d y  t h e  behavior  o f  any three-d imens iona l  body 
s u b j e c t e d  t o  t h e  s p a c e  environment .  It w i l l  p r e d i c t  s u r f a c e  c h a r g i n g  on a l l  s u r -  . 
f a c e s  as a f u n c t i o n  o f  t i m e .  As a n  o u t p u t  of t h e  program, t h e  f i e l d s  s u r r o u n d i n g  
t h e  s p a c e c r a f t  are g e n e r a t e d  and a l l  p a r t i c l e  t r a j e c t o r i e s  can  b e  p r e d i c t e d .  
Hence, t h e  t o o l  can b e  used f o r  s t u d y i n g  e l e c t r o s t a t i c  contaminat ion .  
A s  a n  example of t h e  u s e  of  t h i s  program t o  s t u d y  c o n t a m i n a t i o n , . a  p r e l i m i n a r y  
model o f  t h e  S p a c e c r a f t  Charging A t  %e g i g h  A l t i t u d e s  (SCATHA) s p a c e c r a f t  h a s  
b e e n  developed .  
ronment and t h e  subs torm c h a r g i n g  environment have been g e n e r a t e d .  T y p i c a l  
p a r t i c l e  t r a j e c t o r i e s  have  been p l o t t e d .  The i m p l i c a t i o n  of t h e s e  r e s u l t s  on 
e l e c t r o s t a t i c  contaminat ion  w i l l  b e  d i s c u s s e d .  
The f ie ' ids  Surrounding  t h i s  s p a c e c r a f t  due t o  t h e  nominal  envi -  
The NASCAP program is c u r r e n t l y  o p e r a t i o n a l  on UNIVAq-machines. 
r e q u i r e d  t o  o p e r a t e  t h e  program GZI CDC machines are p r e s e n t l y  underway. The 
computer program is c u r r e n t l y  b e i n g  r e v i s e d  and upgraded t o  improve t h e  o p e r a t i n g  
c h a r a c t e r i s t i c s .  
M o d i f i c a t i o n s  
2.e  f u t u r e  c a p a b i l i t l 2 s  sf the pmgtaro w i l l  b e  d i s c u s s e d .  
II- 7 
SATELLITE SELF CONTAMIiL4TICN E-YBERIMENTS 
by 
John J. Scialdone 
NASA /GSFC, Greenbel t ,  MD 
Gaseous  emis s ions  f r o m  a spacec ra f t  modify the o r b i t a l  environ-  
men t  and degrade  the observat ions of d i s tan t  radiat ion s o u r c e s .  
emis s ions  a l s o  provide contamination fluxes induced by self  s ca t t e r ing  
and sca t t e r ing  with ambient  par t ic les .  
T h e s e  
Exper imen t s  w e r e  c a r r i e d  out on the orbi t ing Atmospher ic  E x p l o r e r - D  
Sate l l i t e  (AE-D)  ,to ver i fy  t h e  calculated r e t u r n  fluxes of a neon s o u r c e .  
Known r a t e s  of neon w e r e  emit ted in the d i rec t ion  of the velocity vec tor  
on command  f r o m  the MRMU (Molecular  R e t u r n  Measuremen t  Unit). A t  
250 km the n e u t r a l  m a s s  spec t romete r  indicated a to ta l  neon r e t u r n  f l u x  
of 2.46 x t imes  the emit ted flux. T h e  calculated f rac t ion  was  
1.23 x 
The p r e s s u r e  gages indicated p r e s s u r e s  l e s s  than 7 x 
t i tudes  f r o m  161 to 210 km. 
calculated as 7 . 4  x lo-? t o r r .  
including 9.14 x for the/ a l t i tude independent self s c a t t e r .  
The m a x i m u m  p r e s s u r e  for  161 k m  o r b i t  was  




Backflow Contamination From Solid Rocket Motors 
BY 
Aerojet ElectroSystems Company 
Azusa, Cal i fornia  
Contaaimtion from plumes of so l id  rocket m t o r s  have been suspect f o r  the  
anomalous t e q e r a t u r e  behavior of meny spacecraft  systems and subsystems. 
The predic t ion  of the conternination of a surface exposed t o  the e f f luen t  of 
a m t o r  requires  t he  knowledge of the  c o n t d n z c t  f lux =riving a t  a surfece. 
There are approxirmte methods f o r  deterinining flov f i e l d s  and the  subsequent 
t ranspor ta t ion  of plume-borne contaminants extending hundreds of nozzle-exit  
r a d i i  downstream from a nozzle exhausting in to  e vacuum. 
-prediction methods f a i l  t o  give a sa t i s f ac to ry  account of exhaust products 
upstream (back flow region). 
mathematical rmdels by the  Prandtl-Meyer angle a t  the e x i t  Mach nunber. 
Exis t ing plume 
The plume expansion i s  l imited i n  these 
I n  an e f f o r t  t o  f ind  supporting evidence f o r  t h i s  phenomena a s i g n i f i c a r t  
number of spacecraf t  experinenters and designers, along with noted s o l i d  rocket 
mtor experts ,  were surveyed. 
and designers  whose systems or subsystems might have been subjected t o  SRN 
p l m  e f f luen t s  ( i . e . ,  apogee kick m t o r s ) .  
with t he  author 's  in te rpre ta t ion  and conclusions, w i l l  be presented. 
f ind ings  will be p a r t i c u l a r l y  meaningful t o  those concerned with mde l ing  
the  e f f e c t s  c f  szl id  rocket m t o r s  on c r i t i c a l  spacema-t surfaces or  on 
s c i e n t i f i c  experiments t h a t  could be d i rec t ly  o r  i nd i r ec t ly  affected by 
mlecular o r  pa r t i cu la t e  contamination. 
The survey was l imited t o  those experimenters 
The r e s u l t s  of t he  survey, along 
These 
Contamination Mechanism of Sol id  Rocket Motor 'Plums 
BY 
Dr. M. KO Barsh, K. J. Ad-, J. A. J e f f e r j  
. Aerojet ZlectroSystem Coorpany 
Azusa, Cal i forn ia  
A lrew generation of space s a t e l l i t e s  require freedom from c o n t a i n a t i o n  upon is- 
s e r t i o n  in to  f i n a l  cpera t iona l  orbi ts .  
from s o l i d  rocket motors (RMS's) such as the  Interim Wper Stzge ( I L j S )  units, ---?iich 
w i l l  be e q l o y e d  t o  de l ive r  payloads into space a f t e r  deployment frorc the  STS s h u t t l e  
There i s  coccern t h a t  t he  cozbustion p l - x e  
. craft, may be a source of s ign i f i can t  contamination. 
Although payloads are located forward of t he  SRK's, evidence suggests t h a t  re- 
c i r cu la t ion  of nonirially t r i v i a l  mounts of plume products flowing 180" t o  t ke  
d i r ec t ion  t h e  rocket exhaust occurs during the rocket f i r i n g  end, further,  t h z t  
these  rec i rcu la ted  p o c h c t s  deposit  on sens i t ive  thermal ccn t ro l  surfaces  of L^'rie 
payloads t o  degrzde t h e i r  effectiveness.  
The rec i rcu la t ion  phenomenon may also be present  i n  l i q u i d  rocket motors, b u t  t'neir 
combustion products, unl ike so l id  rocket motor coI;iDustlon products, are predor2- 
nant ly  v o l a t i l e  a d  do not cons t i tu te  a po ten t i a l  contamination hazard. 
I n  order t o  assess t h i s  phenozena f o r  so l id  rocket IM)torSJ several rcechanisms xere 
postulated t o  explain the recirculat ion.  They are:  
1. Charge seDaration - the  plume products a s s u e  a charge opposite t o  
t h e  SRM .md/or payload s t ructures  by v i r tue  of t r i b o e l e c t r i c  e f f e c t s  
or the& ionization. 
2. Inter-plume c o l l i s i o n  - some f a s t e r  moving species co l l i de  with 
slower rmving ones, resu l t ing  i n  p a r t i c l e  vectors counter t o  the 
plume direct ion.  
Nozzle boundary turbulence e f f ec t s  - turbulence a t  t h e  nozzle w a l l -  
plume in te r face  r e s u l t s  i n  a bow-dary l aye r  flow t h a t  conform t o  
Vne nozzie surface and ultimately flows i n  a d i r ec t ion  counter t o  
t h e  plume direct ion.  
Shock w a v e  e f f e c t s  - e f f e c t s  occurring at. t h e  plume boimdaries 
and during shutdown of the  SRM f i r i n g s  propel plume products in 




Analytical  computer m d e l s  developed t o  s i n d a t e  these mechanisms and p red ic t ioas  
of t h e i r  corresponding poten t ia l s  f o r  causing rec i rcu la t ion  contamination of =ace 
system surfaces  are presented. 
t 
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C O N T A M I N A T I O N  A N D  HEAT T R A N S F E R  P R  OBLEhiS 
R E S U L T I N G  FROM HIGH E X P A N S I O N  O F  THE S UBSONIC 
BOUNDARY L A Y E R  F L O W  IN THE VOYAGER TE-M-364-4  
SOLID ROCKET MOTOR 
'Char l e s  J. Leising 
J e t  P ropu l s ion  Labora tory  
A B S T R A C T  
M a s s  and vo lumet r i c  cons t ra in ts  dictated tha t  the  Voyager 
S p a c e c r a f t  s c i ence  in s t rumen t  package be located within twenty 
inches of the  TE-M-364-4 Solid Motor exit plane,  Although the  
s c i e n c e  was  located 100 d e g r e e s  away f r o m  the nozzle cen te r l ine  
t h e r e  was  still concern  about the  flow f r o m  the  subsonic  boundary 
l aye r  overheat ing and contaminating the in s t rumen t  s u r f a c e s .  
p r e l i m i n a r y  ex t imates  indicated t h e r e  could be  a s e v e r e  p r o b l e m  it 
appea red  tha t  plume sh ie lds  and  covers  would have to be  employed. 
However,  addi t ional  information w a s  needed to specify the th ickness ,  
locat ion and d e g r e e  of wrap-around.  
p rob lems  was  how to  e s t ima te  the mass flux, s ince  s t anda rd  Method 
of C h a r a c t e r i s t i c  solutions weren ' t  valid and scal ing t e s t  d a t a  
obtain.ed in the high vacuum MOLSINK t e s t  faci l i ty  s eemed  to indicate  
s u r f a c e  and the amount  that  would flow around the edge of the  shield 
and impinge on the  ins t ruments  also had to be  calculated.  To so lve  
this  l a t t e r  problem, a con t r ac t  was let  to T R W  to use  the i r  Monte 
C a r l o  p rogram.  Confirmation was then obtained with plume i n s t r u -  
menta t ion  during the f i r s t  Block V launch. 
plume model,  appl icable  MOLSINK t e s t  r e su l t s ,  the  TRW predic t ions  
and the Block V and Voyager flight r e s u l t s .  
Since 
One of the m o r e  difficult  
This  paper  d i s c u s s e s  the 
.- 
I (  '.,I :' . 1 . .: 
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SPACE SHUTTLE PLUME GONTAMINATICN 
H. C a r l  Stechman 
T h e  Mar  quar d t  Company 
Van Nuys, Cal i fornia  
A m a j o r i t y  of the manned spacecraf t  and heavyweight s a t e l l i t e s  c s e  
e a r t h  s to rab le  bipropel lant  propulsion s y s t e m s  for  a t t i tude con t ro l  and , 
o r b i t  change manueve r s .  
high p e r f o r m a n c e  and re l iab i l i ty  but the rocke t  engine combust ion products  
a r e  much  m o r e  complex  than the products of hydraz ine  monopropel lant  
decomposi t ion or of cold gas  propulsion. T h e s e  products  of combustion 
can  depos i t  o r  condense on su r faces  in the vicinity of the rocke t  engine, 
and can cause  a degradat ion in  sys t em efficiency. 
T h e s e  propulsion s y s t e m s  have a demons t r a t ed  
T e s t s  conducted in suppor t  of the Apollo and Manned Orbi t ing 
Labora to ry  using production rocket  engines and s p a c e c r a f t  s u r f a c e s  showed 
tha t  r o c k e t  engines which w e r e  designed fo r  m i n i m u m  injector  manifold 
volumes  and highest  poss ib le  combustion efficiency minimized  the potential  
fo r  contamination. 
bust ion products  w e r e  effectively protected by l ine of s igh t  b a r r i e r s  and by 
. heating the su r faces .  
In addition su r faces  which a r e  impinged upon by c o m -  
T h e  Space Shuttle Orb i t e r  "plume contamination c h a r a c t e r i s  t i c s "  a r e  
va r i ed  because  of the d i v e r s e  modes of operat ion and as a r e su l t ,  a s e r i e s  
of s tud ies  w e r e  undertaken t o  de te rmine  what  operat ing modes  fo r  both the  
t h r u s t e r s  and the  s y s t e m  would minimize  the potential  contamination. 
Studies  w e r e  a l so  conducted to  identify and c h a r a c t e r i z e  changes in s u r f a c e  
p rope r t i e s .  
t amina t ion  does not im-pinge o r  condense on the s u r f a c e s  of the o r b i t e r ,  but 
t ha t  s o m e  potential  does ex is t  f o r  the flow of fuel  film contaminate  down the 
wal l  of the exhaust nozzle  and off of the nozzle l ips  when s h o r t  pu lse  widths 
and cold combustor  wal l s  a r e  encountered. 
The  r e s u l t s  of the s tudies  indicate  tha t  p lume t r anspor t a t ed  con-  
L 
F u r t h e r  s tud ies  involving the interact ion of the  O r b i t e r  with the payloads 
during and a f t e r  deployment  indicate that  the devices  p re sen t ly  used to 
p r o t e c t  the sens i t i ve  su r faces  p r io r  to opera t iona l  deployment  a r e  adequate  
. fo r  t he  shut t le  deployment  mechanisms . ? 
LII- 5 
BIPROPELLANT MOTOR PLUME CONTAMINATION STUDY 
H. E. Scott and D. F. Frazine 
Arnold Engineering Development Center 
Arnold AFS, TN 
ABSTRACT 
There is ample evidence of rocket motor exhaust plume contamination at 
large angles relative to the plume centerline forward of the nozzle exit plane. 
Even though the CONTAM I I  plume contamination model has not been verified and 
is unable to handle such large angles, it has been the accepted tool for 
analytic predictions of plume contamination in major programs such as Space 
Shuttle/STS. Hence it becomes very important to study contamination in the 
plume backflow region, to verify the mechanisms for  the transport of exhaust 
products into the backflow region, and to develop the analytic capability for 
predicting plume contamination in this region. Such studies require an 
experimental data base including complete characterization of the nozzle exit 
plane properties of the rocket motor. 
flux in the backflow region of a 5 lbf bipropellant motor, at angles up to 
120° with respect to the plume centerline, using temperature compensated 
quartz crystal microbalances. The measurements are being conducted in a high 
vacuum cryogenic chamber at AEDC. The addition of new GHe and LHe cryopanels 
provides a blank-off pressure in the 10-7 torr range and maintains the back- 
ground pressure i n  the 10-5 torr range while pulse firing the motor (25-100 
msec pulse width, 1-10% duty cycle). Chamber recovery time is a few tenths 
of a second. 
Several motor configurations and operating conditions will be compared 
for potential contamination effects. Variations include: injector - Oo and 
45O splash plate; combustion chamber - 2 in cylindrical, 1.5 in cylindrical, 
and 2 in conical; nozzle area ratio - 50:l and 100:lb-; O/F - 1.4, 1 .6 ,  and 
1.8; chamber pressure - 75, 100, and 125 psia; pulse duty cycle - 12, 5%, 
lo%, and cont i nuous . 
characterize the plume constituents, to measure exit plane properties, and to 
carefully monitor nozzle 1 ip effects. Electron beam fluorescen.:e, I R  trans- 
mittance, witness plates, cryogenic mass spectroscopy, Raman scattering, and 
Mie scattering are planned. 
This is the first report on an experimental program to measure the mass 
In addition to the QCM's more extensive diagnostics will be used to fully 
\ 
III- 6 
EXHAUST PLUME CONTAHINANTS FROM A HYDRAZIKE MOSGPROPZLWVT Ti1RUSTER 
T. D. McCay, D. P. Weaver, W. D.  Williams and H .  M. Powell 
ARO, Znc. 
AEDC Division 
A Sverdrup Corporation Company 
Arnold A i r  Force S ta t ion ,  Tennessee 
ABSTRACT 
An experimental s tudy of the  exhaust plume c h a r a c t e r i s t i c s  of a 0.44 n th rus t  
monopropellant hydrazine th rus t e r  with an aged c a t a l y s t  bed (over 200,000 
pulses)  has been performed t o  determine both the gas dynamic and contamination 
p rope r t i e s  of t he  exhaust. The s t u d y  was conducted i n  a cryogenically pumped 
vacuum chamber which maintained high vacuum condi t ions (simulated pressure 
a l t i t u d e s  g rea t e r  than 9 4  km) f o r  a l l  modes of engine operat ion.  The exhaust 
d iagnos t ic  systems employed i n  t h e  inves t iga t ion  included quartz  c r y s t a l  micro- 
balance,  quadrupole mass spectrometer, laser-Raman s c a t t e r i n g ,  laser-Rayleigh 
s c a t t e r i n g ,  e l ec t ron  beam fluorescence,  e lec t ron  beam flow v i sua l i za t ion ,  and 
sample co l l ec t ion .  I n  addi t ion ,  t r a d i t i o n a l  engine performance parameters 
were measured on the  0 .44  n t h r u s t  Hamilton-Standard th rus t e r  which was oper- 
a t ed .p r imar i ly  i n  a pulsed mode with a 0.1-sec od l0 .0 - sec  off duty cycle.  
The engine, which was i n s t a l l e d  on a th ree  l i n e a r  degree of freedom t ravers ing  
c a r t  f o r  plume mapping, was operated with s tandard monopropellant grade hydra- 
z ine over a range of t h rus t  values from 0 . 4 4  n t o  0 . 9 6  n and a t  i n i t i a l  cata- 
l y s t  bed temperatures of 367K, 478K and 589K. Exemplary da ta  f o r  t h e  exhaust 
plume p rope r t i e s ,  spec ie s  d e n s i t i e s  and r o t a t i o n a l  temperature, a r e  presented 
bu t  t h e  only d e t a i l e d  r e s u l t s  a r e  given f o r  the forvard fJow contamination 
da ta  obtained with the mass spectrometer and quar tz  c r y s t a l  microbalance ( Q C M ) .  
Mass spectrometer da t a  a r e  presented which demonstrate tne cen te r l ine  var ia -  
t i o n  of anmonia and hydrazine f o r  var ious t h r u s t  l e v e l s ,  bed operat ing condi- 
' t i ons  and time of operat ion.  High concentrat ion of hydrazine was noted f o r  
some opera t ing  condi t ions,  sometimes as high as 38% mole f r a c t i o n  f o r  i n i t i a l  
pulses .  
c a t a l y s t  bed performance and occasional l a r g e  v a r i a t i o n s  i n  exhaus: products. 
The Qn? w a s  operated over a range of su r face  temperatures from llOK t o  190K 
and da ta  are  presented which demonstrate t h e  r e l a t i v e  cont r ibu t ion  t o  contami- 
nant  depos i t ion  of t r a c e  species  and r a w  f u e l  as ;ell as quan t i t a t ive  deposi- 
t i o n  ra te  information f o r  cold sur face  contamination. 
A l s o  i n t r a p u l s e  da t a  a r e  presented which quan t i t a t ive ly  demonstrate 
. k  
Fina l ly ,  complete documentary evidence is  presented which ind ica t e s  the p o s s i -  
b i l i t y  f o r  very s i g n i f i c a n t  increases  i n  contamination l eve l s  from non-spent 
engines with only minimal (10%) degradation i n  ove ra l l  engine performance. 
This phenomenon w a s  observed f o r  the  engine s tudied  i n  t h i s  inves t iga t ion  and 
occurred over a very s h o r t  time span with an order  of magnitude increase  i n  con- 
tamination leve ls .  Deta i l s  of the subsequent experimental inves t iga t ion  of t h i s  
phenomenon a r e  included. 
The work reported herein was conducted f o r  the Arnold Engineering Development 
Center (AEDC),  A i r  Force S y s t e m s  Command (AFSC) , by ARO, Inc . ,  a Sverdrup 
. Corporation Company, operating cont rac tor  f o r  t he  AEDC. Further reproduction 
is authorized t o  s a t i s f y  needs of t h e  U. S. Government. 
. 
\ 
DESIGN GEI A PROPULSION SYSTPI TEST FACILITY TO 
STUDY ROCKET PLUMES I N  THE SPACE ENVIROh?iENT 
L. F. Molinari 
A NASA pro jec t  has been i n i t i a t e d  a t  JPL f o r  t he  design and f ab r i ca t ion  of a 
propulsion System test  f i c i l i t y  f o r  the purpose of t e s t i n g  var ious types of pro- 
pulsion systems i n  t he  spzce environment. n e  Propulsion Contamination Effec ts  
Module (PCC.1) Spaceflight Experiment is being designed f o r  i n s t a l l a t i o n  i n  t h e .  
payload bay of t he  Space S'nuttle Orbi te r .  The objec t ives  of t he  experiments a r e  
t o  measure exhaust plume backflow e f f lux  (mass and cons t i t uen t s ) ,  core flow prop- 
eTt ies ,  and e l e c t r i c a l  charge buildup. ne measurements w i l l  b e  made from high 
th rus t  (up t o  %lo00 l b f )  chemical and low th rus t  (%30 mlbf) e l e c t r i c  propulsion 
sys terns. 
The exper inenta l  da ta  w i l l  be used t o  demonstrate the a b i l i t y  of ana ly t i ca l  
models t o  p red ic t  the  levels of contamination, forces ,  hea t  t r ans fe r ,  and surface 
charging e f f e c t s  ant ic ipated on a spacecraf t  employing these propulsion systems. 
The modeling da ta  avai lable  f o r  spacecraf t  design i s  considered l imi ted  because 
of t he  necess i ty  f o r  extrapolat ion of empirical da ta  from mini-thrusters t e s t e d  
i n  vacuum chambers. The concept of t he  FCEX i s  a f u r t h e r  extension of  the work 
t h a t  JPL has  been doing f o r  a number of years fo r  both NASA and the kit Force 
r e l a t i v e  t o  plume s tudies  i n  t h e  JPL Molsink f a c i l i t y .  These earthbound experi- 
ments are  l imi ted  and the next l og ica l  s tep  is t o  experiment in t h e  a c t u a l  space 
environment t o  acquire  the necessary da ta  f o r  plume de f in i t i on ,  including plume 
backflow and propulsion contamination e f f ec t s .  
* 
. 
Design of t h e  PCDI f a c i l i t y  includes various types of sensors  f o r  measuring a 
nUmher of parameters. Included i n  the  instrument measurenent systems a r e  tempera- 
t u r e  con t ro l l ed  quartz  c rys t a l  microbalances and a mass spectrcmeter. Instruments 
w i l l  measure t h e  mass f lux  i n  t h e  f a r  f i e l d  of t he  nozzle plume with emphasis on 
the  backfloi: region. Existing theor ies  f o r  predict ion of the  f a r  f i e l d  of a plume 
are inadeqnate f o r  la rge  angular departures from the  plume axis .  
ments: w i l l  provide data  f o r  off-axis angles as la rge  as 140' (i.e. i n  the  backflow 
region).  Since t h i s  region is w e l l  behind t h e  e x i t  plane,  i t  i s  of p a r t i c u l a r  
i n t e r e s t  t o  those concerned with instrument contamination. 
su r f aces  are  usual ly  located i n  the  region affected by&-the backflow. 
PCGY measure- 
Sens i t ive  spacecraf t  
The i n j  t i a l  ? C U I  configuration i s  designed to  accommodate a %25 l b f  monopropellant 
hydrat ine propulsion system current ly  being developed by MSFC. 
modification k i t s  w i l l  modify the PCEM t o  accommodate o ther  propulsion systems. 
These a re :  
JpL; 8 cm and 30 c m  ion dr ive engines provided by LcRC; the  %lo00 lb f  s o l i d  
provided by LeRC. 
Later design 
. *  
SzOt,/MMH %870 lbf l i q u i d  bipropel lant  Shut t le  RCS system provided by 
I rocket motor provided by JPL;  and a G 0 2 / G H 2  %25 lbf gaseous b ipropel lan t  system 
. -  




SHUTTLE INDUCED IKVIR ONMENT CONTAMINATION MONITOR 
Edgar  R .  Mil le r  
Space  5c iences Labora to ry  
NASA/Marshal l  Space Fl ight  C t r ,  Alabama 
T h e  Induced E n v i r o n m e n t  Contamination Monitor ( IECM) is a s e t  of ten . 
i n s t rumen t s  in tegra ted  into a Self-contained unit. T h e  IECM is scheduled to 
fly as p a r t  of the  Demonst ra t ion  Fl ight  Ins t rumenta t ion  (DFI)  on Shuttle Orb i t a l  
Fl ight  T e s t s  1 throclgh 6 and 03 Spacelabs 1 and 2 as p a r t  of the  Verif icat ion 
Fl ight  Instrumentatio-rl (VFI). 
NASA began s t rong  manned mis s ion  contamination cont ro l  e f for t s  for  the 
Skylab m i s s i o n  and,  recognizing the possible  l imit ing effects induced c o n t a m -  
ination might  have  on sophis t icated observa t iona l  p r o g r a m s  planned for  t he  
1980's, commi t t ed  to a n  effort to i n su re  tha t  t he  induced environment  would not 
b e  a problem.  
i 
T h e  purpose  of the LECM is to  m e a s u r e  the  ac tua l  environment  t o  de t e rmine  
whether  t he  s t r i c t  cont ro ls  placed on the Shut t le  s y s t e m  have solved t h e  con- 
taminat ion problem.  
T h e  IECM wil l  o p e r a t e  during prelaunch, ascent ,  on-orbi t ,  descent ,  and 
post-landing. T h e  on -o rb i t  measu remen t s  a r e  molecular  r e t u r n  f l u ,  back-  
ground s p e c t r a l  intensi ty ,  molecular  deposition, and opt ica l  s u r f a c e  effects.  
During the  o the r  mis s ion  phases  dew point, humidity,  a e r o s o l  content,  and 
t r a c e  gas  will b e  m e a s u r e d  as wel l  as opt ical  s u r f a c e  effects and molecular  
d e po si tion. 
T h e  ten  in s t rumen t s  a r e :  Dew Po in te r ,  Humidity Monitor ,  C a s c a d e  Im- 
pac tor ,  Opt ica l  Ef fec ts  Module, P a s s i v e  Sample  A r r a y ,  T h e r m o e l e c t r i c  
Quar t z  C r y s t a l  Microbalance,  A i r  Sampler ,  M a s s  Spec t romete r  C a m e r a /  
Pho tomete r ,  and Cryogenic  Quar t z  C r y s t a l  Microbalance.  Each  i n s t r u m e n t  
is b r i e f ly  desc r ibed ,  and its measu remen t  l imitat ions a r e  compared  t o  the 
contaminat ion con t ro l  r equ i r emen t s  . 
Effo r t s  a r e  being m a d e  to ope ra t e  the IECM using  the Shuttle Remote  
This  would be  accomplished by ac tua l ly  picking up the  
Manipulator  Sys t em to d i r ec t ly  m e a s u r e  off- and outgassants  a s  wel l  as 
column dens i t i e s .  
IECM and moving it about the Shuttle f o r  va r ious  measu remen t s .  
IV-2 
DESCRIPTION O F  THE 
MASS SPECTROMETER FOR IECM 
R .  C. Ruff ,  ES 7 4  
Huksv i l l e ,  A i  35812 
M a r s h a l l  Space F l i g h t  C t r  
D. R .  Taeusch  
Space  Phys ic s  R e s e a r c h  Labora to ry  
Univ e r s it y of IM i c h ig an  
Ann Arbor ,  MI  48105 
A quadrupole  mass s p e c t r o m e t e r  is desc r ibed  which wi l l  be  used 
to m a k e  the molecu la r  r e t u r n  f lux  m e a s u r e m e n t s  on the Induced Envi ron-  
m e n t  Contaminat ion Monitor (IECM) for  Shuttle and Spacelab.  
mass s p e c t r o m e t e r  is being developed fo r  NASA by the Universi ty  of 
Michigan Space  P h y s i c s  R e s e a r c h  Labora tory .  T h e  b a s i c  quadrupole  
has  a sens i t i v i ty  of 2 x 
between 2 and 150. 
m a t e r i a l  is at tached to the quadrupole to  provide 10 degree  half angle 
(0.1 s t e r a d i a n )  coll imation. A digital  da ta  s y s t e m  is used to accumula te  
counts up to 17 mil l ion over  integrat ion t i m e s  of e i ther  0.2 or  2.0 seconds.  
Calculat ions using the r e s u l t s  of post  a s s e m b l y  tes t ing  wi l l  b e  p- i esented  
to  show how c lose ly  this  i n s t rumen t  m e e t s  the r e q u i r e m e n t s  specified 
b y  the Contamination R equir ements  Definition Group.  Fizal ca l ibra t ion  
of the m a s s  s p e c t r o m e t e r  wi l l  be  done in orbi t .  
co l l ima to r  w i l l  be  m e a s u r e d  in o rb i t  by slowly scanning the mass s p e c t r o -  
m e t e r  through the velocity vector  of the spacec ra f t  and measu r ing  the 
ambien t  gas .  
w e l l  and wi l l  be  a ca l ibra t ion  fac tor .  T o  a r r i v e  at r e a l i s t i c  values of 
molecu la r  column density,  one needs to know the  sca t t e r ing  c r o s s  sect ion 
of ambient g a s  at o r b i t a l  veloci t ies  on Shuttle genera ted  molecules .  Th i s  
w i l l  b e  accomplished by  r e l eas ing  a wel l  defined b e a m  of isotopical ly  
labe led  gas  ( D2016 and Ne22) while  the Shuttle again sweeps through a 
fu1.l c i r c l e  with r e s p e c t  to the velocity vec tor .  A modification to the  XECM 
for  the  Spacelab II m i s s i o n  wi l l  be to  provide a continuous monitor ing of 
t he  water peak to the payload spec ia l i s t  in Spacelab. 
w i l l  p reven t  opening of ce r t a in  ins t ruments  if a dangerous  l eve l  of wa te r  
molecu le s  ex is t s .  
T h i s  
c o u n t s / s e c / p a r t i c l e / c m 3  f c r  a tomic  m a s s e s  
A unique col l imator  uti l izing an act ivated ge t te r ing  
T h e  effect iveness  of the 
The  densi ty  and energy of these  molecules  is known ve ry  
This  information 
IV- 3 
QUARTZ CRYSTAL MICROBALANCE S Y S T E M S  
FOR SHUTTLE CONTAMINATION MEASUREMENTS 
0. McKeown and C . R. Claysmith 
F a r a d a y  Labora tor ies  Inc.  
La Jolla, Cal i forn ia  
A s i m p l e  q u a r t z  crystal microbalance  is of l imi ted  va lue  in monitor ing 
s u r f a c e  contaminat ion on s p a c e c r a f t  because power diss ipat ion raises its opera-  
ting t e m p e r a t u r e  several d e g r e e s  above the ambient .  The amount  of contamina- 
tion a d s o r b e d  or! a s u r f a c e  is highly t empera tu re  dependent and the elevated temp- 
e r a t u r e  of the microbalance  wil l  significantly r educe  t h e  amount  of contaminat ion 
it a d s o r b s .  Genera l ly ,  a q u a r t z  c rys t a l  microbalance  will  indicate  a lower  level  
of contaminat ion than the amount  tha t  i s  ac tua l ly  p re sen t .  Fundamental  s t u d i e s  
of contaminat ion r e q u i r e  the  control  of s u r f a c e  t e m p e r a t u r e  o v e r  a r a n g e  common  
to the  s p a c e  envi ronment  so that  rates of adsorpt ion and desorpt ion can be mea-  
s u r e d  and t he  exponential  decay  time constant  f o r  v a r i o u s  contamination s p e c i e s  
c a n  be de t e rmined .  This type of da t a  i s  impor t an t  to the understanding of in te r -  
act ion of the induced Shu t t l e  contamination with the uppe r  a t m o s p h e r e  and the  de- 
gree to which s u r f a c e s  will  be  contaminated. 
Shu t t l e  using active and pass ive  t empera tu re  cont ro l .  The  active system u s e s  
thermoelectric devices with t e m p e r a t u r e  b r idges  and servos fo r  aucomatic temp- 
e r a t u r e  con t ro l .  This  system is called the  Tempera tu re -Con t ro l l ed  Q u a r t z  C rys- 
tal Microbalance  (TQCM). I t  cons i s t s  of a con t ro l l e r  and f ive  r emovab le  s e n s o r s .  
Five s e n s o r s  are used to g ive  the spa t ia l  dis t r ibut ion of Contamination in addition 
to m e a s u r i n g  s u r f a c e  contamination as a function of t e m p e r a t u r e .  Each  s e n s o r  
can b e  set by ground command at five prede termined  t e m p e r a t u r e s  between -60 
and  + 6 O o C  2 1°C o r  free run. Frequency  of e a c h  s e n s o r  is readout  digi ta l ly  to 
.f 1 Hz giving a contamination loading sens i t iv i ty  of 1 .56 x l 0-9 g/cm*. Max imum 
s e n s o r  loading is approximately 3 x 
e a c h  s e n s o r  as well  as its hea t  s i n k  are monitored.  
volatile contaminants  using a rad ian t  cooler  to r e a c h  cryogenic  t e m p e r a t u r e s .  
This system is called a C r y a g e s i c  Quzrtz cry st^? k'kicrabalanze (CQCMj. 
sists of a con t ro l l e r  and s e n s o r  head.  The s e n s o r  head contains  two removable 
s e n s o r s .  One  s e n s o r  o p e r a t e s  below the f r eez ing  point of w a t e r  and mon i to r s  
contaminat ion including w a t e r  vapor .  T h e  o t h e r  Tensor  is heated and  mon i to r s  
contaminat ion background and provides  a r e f e r e n c e  f r o m  which the dens i ty  of 
induced water vapor  cloud surrounding S h u t t l e  can  be de te rmined .  H e a t e r s  in  
e a c h  s e n s o r  and the  rad ian t  c o o l e r  can be act ivated by ground command f o r  i c e  
removal. 
2 1 "C. S e n s o r  mass sensitivity and readout are the s a m e  as the TQCM. 
Two di f fe ren t  types of microbalance  systems have been developed for 
g/cm*. T h e  operat ing t e m p e r a t u r e s  of 
The o t h e r  microbalance  s y s t e m  u s e s  passivk cooling. I t  mon i to r s  highly- 
Xt con- 
8 
The  t e m p e r a t u r e  of each sensor is monitored between -153 and +37'C 
IN -4 
Considerations i n  t h e  Use of  QCH’s 
for  Accurate Contamination Measurement 
D. A. Wallace 
Berkeley Controls,  Inc.  
I rv tne ,  Cal i forn ia  
The Quartz C r y s t a l  Microbalance (QCM) has been used on a number 
of spacec ra f t  f o r  the  q u a l i t a t i v e  measurement of Contaminant 
. 
flow t o  spacecraf t  surfaces .  For t r u l y  diagnost ic  work and 
q u a n t i t a t i v e  measurement, the QCM must be understood as a complex 
flow s y s t e m  wi th  both condensation and evaporation of gases 
occurr ing on t h e  sensing c r y s t a l  and surrounding QCM entrance 
su r faces ,  with t h e  added complication of entrance f l o w  conductance 
f a c t o r  considerat ions.  
d i f f u s e  and d i r ec t ed  molecular f l o w  t o  a QCM f o r  the  q u a n t i t a t i v e  
determinat ion of f r e e  stream molecular flux as a funct ion of  QCM 
: c r y s t a l  temperature,  entrance conductance f ac to r s  and contaminant 
vapor pressure .  From these ze la t ionships ,  guidel ines  of required 
c r y s t a l  temperature f o r  accurate  contaminant measurement are  given. 
Relationships a re  developed f o r  both 
Various spacecraf t  appl ica t ions  of  the  QCM include a varying thermal 
r a d i a t i o n  f l u x  t o  the sensing c r y s t a l  such as i n s t a l l a t i o n s  i n  
which the  spacecraf t  r o t a t e s  and the  QCN receives  d i r e c t  i n s o l a t i o n .  
The thermal stress induced i n  the c rys t a l  produces an anonalous 
frequency s h i f t .  
which e l imina te  not  only t h i s  t r ans i en t  e f f e c t  but a l s o  any 
frequency s h i f t  due t o  temperature gradients  between t h e  sensing 
and re ference  c rys ta l s  s ince  i n  the doublet they are loca ted  on 
a s i n g l e  quartz  blank. 
between the sensing and reference doublet e lectrodes and the e f f e c t  
of quar tz  c rys t a l  s i z e  on measurement s e n s i t i v i t y  and crystal  
temperature.  
Work i s  described on doublet c r y s t a l  Q C M ’ s  
Inves t iga t ion  reported includes c ros s t a lk  
4 
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EVALUATING A CONTAMINATION H A Z A R D  WITH ,4 
RESIDUAL GAS ANALYZER 
Raymuad Kruger  
NASA, Goddard Space F l ight  C t r  
Greenbel t ,  Maryland 
This  paper  d e s c r i b e s  the  u s e  of a r e s idua l  gas  analyzer  to  evaluate  
An approach f o r  es t imat ing the  sens i t iv i ty  of a n  
a contaminat ion haza rd  to a sens i t ive  spacec ra f t  i n s t rumen t  during a t e s t  
in a vacuum chamber .  
uncal ibrated r e s i d u a l  gas  ana lyzer  for  a spec i f ic  contaminant in s i tu  is p r e -  
sen teds  
istics of t he  contaminant  and of its mass s p e c t r a l  pa t te rn .  Using th i s  toge ther  
with information on the t e m p e r a t u r e  of a s u r f a c e  of concern,  a n  e s t i m a t e  of 
the  contaminat ion haza rd  i s  developed. 
The  approach  involves a knowledge of the vapor p r e s s u r e  c h a r a c t e r -  
- 
P o s t  t e s t  m e a s u r e m e n t s  of the  t e s t  i t em indicated tha t  the haza rd  r ema ined  






I V - 6  
MOLECULAR CONTAMINATION STUDIES BY MOLECULAR B V A  SCATTERING 
H. Nuss ,  IABG, D 8012 Ottcbrunn, West Germany 
Opt ica l  and thermal con t ro l  su r f a i ea  of spacecraf t  components aria experiments have 
been shown t o  be s e n s i t i v e  to  the  e f f ec t s  of contaminant deposi t ion.  For t h e  
s tud ie s  of degradation e f f e c t s  by various organic f i lms ,  the  inf luences during 
prelaunch t e s t i n g  i n  space simulation chambers and t h e  e f f e c t s  of contamination 
during missions have to  be considered. The purpose of t h i s  p a p e r  is to  repor t  t he  
c a p a b i l i t y  of molecular beam in te rac t ion  with a s o l i d  sur face  de tec t ing  molecular 
contamination of a sur face  by an organic film. The measuring p r inc ip l e  t o  be 
applied i s  based on the change of t h e  sca t t e r ing  d i s t r i b u t i o n  of a molecular beam 
from a c lean  sur face  and from a contaminated surface.  
A molecular beam source and a phase sens i t i ve  measuring setup were designed, b u i l t ,  
and i n s t a l l e d  i n t o  a vacuum chamber assembly where a vapor e f fus ion  source i s  
attached f o r  t he  deposit ion of t h e  molecular contamination f i lms .  The H e  o r  N2 
molecular beam was d i rec ted  t o  a Platinum surface which was c lean  o r  contaminated 
by an organic f i l m  from t h e  vapor effusion source f i l l e d  with DC 705 pentaphenyl 
t r imethyl  s i loxane d i f fus ion  pump o i l .  
The s c a t t e r i n g  of H e  and N2 molecular beams from the  Platinum sur face  as a funct ion 
of s c a t t e r i n g  angle  w a s  measured. I n  the surface temperature range of 39 t o  110°C 
t h e  s c a t t e r i n g  d i s t r i b u t i o n  i s  approximately d i f fuse .  
above 185OC, a specular ly  d i rec ted  d i s t r ibu t ion  i s  found. 
t i o n  between d i f f u s z  and specularly d i rec ted  s c a t t e r i n g  a t  a su r face  temperature 
Of approximately 200°C can be explained by removal of absorbed l aye r s  because of 
t h e  background pressure.  The maximum sca t te red  beam i n t e n s i t y  as a function of 
su r face  temperature s tar ts  t o  increase  a t  an approximate tenperature  of 160°C and 
increases  i n  t h e  e n t i r e  measured temperature range up to  210°C. After  operat ion 
of t h e  vapor e f fus ion  source and contamination of t h e  surface by DC 705 (vapor 
pressure  S I O - ~  t o r r ) ,  a change of t he  sca t t e r ing  d i s t r i b u t i o n s  w a s  measured. The 
increase  of the  sca t t e red  beam in t ens i ty  s tar ts  a f t e r  the  contamination a t  a sur- 
face  temperature of 200°C (16OOC before contamination). A t  a sur face  temperature 
of 2OO0C, the r a t i o  between the  maximum sca t te red  beam i n t e n s i t y  and low tempera- 
t u r e  beam i n t e n s i t y  i s  1.04 (1.50 before contamination). For reaching a value of 
1.5 f o r  t h i s  r a t i o  before contamination, a sur face  temperature of 200°C w a s  neces- 
s a ry  but  a f t e r  contamination the  necessary surface temperature was 358OC. After  
operation of t he  vapor e f fus ion  source a t  a vapor pressure of 5*10-* t o r r ,  t he  
s c a t t e r i n g  distribution changes from an approximately d i f fuse  d i s t r i b u t i o n  with a 
specular ly  d i rec ted  port ion (surface temperature 4 1  t o  232OC) t o  a d i s t r i b u t i o n  
which is very c lose  to  a cosine function (surface temperature 88°C). 
The c a p a b i l i t y  of molecular beam sca t t e r ing  fo r  t he  de tec t ion  o r  contamination i s  
ind ica ted  by the  following p o s s i b i l i t i e s :  Measurement of the  change of the scat- 
t e r i n g  d i s t r i b u t i o n  o r  measurement of the change i n  t h e  temperature dependence of 
t he  maximum sca t t e red  beam in t ens i ty .  
For sur face  temperatures 
The r eve r s ib l e  t r ans i -  
IV -7 
SPACFCRAFT TEST CHAMBER CONTAhUNATION STUDY 
AEDC M A R K  I FACILTTY 
J. G. Pipes ,  D. F. Fraz ine ,  R .  P. Young 
ARO, Inc. 
A EDC Division 
A Sve rd rup  Corpora t ion  Company 
and 
H. E. Scott  
USAF,  AEDC 
Arnold A i r  F o r c e  Station, T e n e e s s e e  
ABSTRACT 
Recen t  r e s u l t s  of a Contamination s tudy in the  Arnoid Engineer ing 
Development Cen te r  M a r k  I space  s imulat ion chamber  a r e  presented ,  
Attenuated to t a l  re f lec t ion  (ATR ) plates ,  t h e r m a l  con t ro l  s u r f a c e  sarr.ples,  
and q u a r t z  c r y s t a l  microbalances  (QCM) w e r e  employed to  m e a s u r e  con- 
taminants  and condens ible g a s e s  during a n  extended chamber  evacuation. 
An automat ic  p a r t i c l e  counter  was used to  m e a s u r e  a i r b o r n e  p a r t i c l e  
dens i ty  when the  chamber  was at a tmosphe r i c  p r e s s u r e .  
the A T R  plates  dur ing  chamber  operation, was  between 150 and 2 0 0 ° K .  One 
QCM was  t e m p e r a t u r e  con tml l ed  to  a t e m p e r a t u r e  of 283°K; the o ther  QCM 
opera t ed  at 135°K. 
scanned  in t h e  2 t o  15 pm wavelength region. 
coat ing of diffusion pump o i l  (DC 704) a t  a concentrat ion l eve l  j u s t  above 
t h e  limit of detectabi l i ty .  
evacuation. 
of 17O"K, t h e  subl imat ion t empera tu re  of w a t e r o  
cated a ?ass ad ' t ion a f t e r  chamber  r ep res su r i za t ion ,  we  have csed  t h e  
1.7 x 10 
for the mass of s i l i cone  o i l  collected on the  ATR plates.  
c o r r e s p o n d s  to two monolayers  of o i l  fo r  a twenty-nine-day evacuation 
per iod .  
spectral re f lec tance  during the s a m e  twenty-nine-day chamber  evacuation. 
P a r t i c l e  counts w e r e  taken during per iods when the iMark I chamber  was  a t  
a t m o s p h e r i c  p r e s s u r e .  
than  0.5 pm w e r e  romina l ly  6000 p a r t i c l e s / f t  . 
l a r g e r  than 5.0 pm w e r e  nominal ly  15 pa r t i c l e s  / f t  . T h e  a i r b o r n e  pa r t i c l e  
contaminat ion in the  M a r k  I chamber  (at a tmosphe r i c  p r e s s u r e )  was t he re -  
f o r e  below tha t  of a c l a s s  10,000 clean room,  a s  specif ied b y  F e d e r a l  
S tandard  209. 
T e m p e r a t u r e  of 
Af te r  chamber  r ep res su r i za t ion ,  the  ATR plates  w e r e  
Resul t ing s p e c t r a  indicated a 
T h e  cold QCM r eco rded  deposit ion during chamber  
Th i s  depos i t  subl imed during chamber  w a r m u p  a t  a t e m p e r a t u r e  
Since ne i ther  QCM indi- 
min imum detectabie  m a s s  of the GCM a s  a n  upper limit 
This  upper limit 
- 9 
g r / c m  
T h e  t h e r m a l  cont ro l  s u r f a c e  samples  showed no ch2,nge in IR 
P a r t i c l e  densi t ies  m asu red  for  pa r t i c l e s  l a r g e r  5 
P r t i c l e  densi ty  for  pa r t i c l e s  3 
? 
J V - 8  
Ground Contamination Monitoring Methods 
C. R. Maag 
Aero j e t  ElectroSystem Comperiy 
Azusa, Cal i forn ia  
The m J c r i t y  of present day space vehicles are subjec t  t o  prelaunch t h e m a l  vecum 
te s t ing .  
polymeric materials i n  the  charrher and from backstreaming of vacuun p u p  o i l s .  
Opt ica l  and thermal cont ro l  surfaces a r e  p a r t i c u l a r l y  sens i t i ve  t o  the effects of 
contaminant deposition. 
o f t e n  d i f f icu l t  and extremely eqens ive .  
During t e s t i n g  there is  a large r isk of contaminating t h e  sayload from 
The cleaning of surfaces  contaminated during t e s t i n g  i s  
As p a r t  of an on-going program a t  Aerojet t o  study contanination phenomena, a design 
concept h a s  been iden t i f i ed  f c r  a contamination monitor f o r  ground environxect 
appl icat ion.  
t h e  spacecraf t  during a l l  phases of handling (e. g. , manufacturing, t e s t ,  e t c .  ) up 
t o  t h e  launch phase. 
and spec ies  of any conteminant and a t  what t h e  it attached i tself  t o  t he  spacecraf't. 
Tnese environment monitors (witness samples ) would follow along with 
This prac t i ce  would enable one t o  e a s i l y  def ine the q u v l t i t y  
W o  types of monitoring methods w i l l  be described - a KRS-5 prism and a f r o n t  
surface qua r t e r  wave coated mirror. IRS ( I n t e r n a l  Reflectance Spectroscopy) measure- 
ments of t h e  KRS-5 prisms from 2.5 to 30 prn w i l l  allow determination of contamination 
f i l m  thickness ,  ca lcu la t ion  of real and imaginary index of re f rac t ion ,  and general 
spec ies  iden t i f i ca t ion  v i a  re f rac t ive  index s igna ture  analysis. 
mi r ro r  accura te ly  ind ica tes  the presence of t h i n  conDaminait f i lm and any change 
i n  s p e c t r a l  re f lec tance  from 0.25 t o  2.5 bm. 
real index of r e f r ac t ion  s ignature  c m  be derived from t h e  mirror measurements. 
mre d e t a i l e d  descr ip t ion  of these measurement techniques, along with s m p l e  spec t r a  
The X/4 coated 
Changes i n  s o l a r  absorptance ( C Y , )  and 
A 
of deposited contaminants, w i l l  be presented. * t  
The u t i l i z a t i o n  of bo%h types of monitors would p r w i d e  invaluabie infomat ion  i n  
understanding during what phase of m u f z c t u r e  end test  contamination i s  OccurriEg, 
how thick the contaminant is, i f  cleaning i s  required, and what the subsequent 
e f f e c t s  would be t o  the  r ad ia t ive  propert ies  of t h e  spacecraft. 
. 
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TITLE: ASSEMBLAGE ANALYSIS - IDENTLFICATION OF CONTAMINATION 
SOURCES 
By: E. R. Crutcher  
Boeing Aerospace  Company 
Qual i ty  Assu rance  Labora to r i e s  
ABSTRACT 
It has been  found that  contamination samples  of l e s s  than one m i l l i g r a m  often 
This  approach  involves the use  of analyt ical  l ight  mic roscopy ,  
contain a sufficient v a r i e t y  of par t iculate  types to r e c o n s t r u c t  a h i s t o r y  of contam-  
ination exposure .  
and r e l a t e d  techniques,  to  identify sou rce -cha rac t e r i s t i c  a s s e m b l a g e s  of par t icu-  
la tes .  Sources  a r e  identified as belonging to  one of four m a j o r  ca t egor i e s :  auto- 
gene ra t ed ,  function genera ted ,  faci l i ty  genera ted ,  o r  act ivi ty  genera ted .  The first 
two indica te  s y s t e m  re l iab i l i ty  and design-operational environment  compatibil i ty.  
The last two involve production r e l a t ed  p rob lems  of fac i l i ty  cont ro l  o r  f a i l u r e  to  
p r o p e r l y  i so l a t e  the p a r t  f r o m  external ly  gene ra t ed  contaminates .  
: 
S o u r c e s  cannot genera l ly  be identified through the identification of a s ingle  
pa r t i c l e  spec ie s ,  but only through a combination of spec ie s  in specif ic  s i z e  r anges  
and p r e s e n t  in  "reasonable"  proport ions w i t h  r e s p e c t  to other  m e m b e r s  of the 
a s semblage .  
blage and the  analyt ical  support  r equ i r ed  to  evaluate such  a sample .  
common  a s s e m b l a g e s  are given as well a s  precaut ions  aga ins t  conclusions based  
oz1 too few m e m b e r s  of an  assemblage .  
ing the  benefi ts  of this  type of p r o g r a m  support .  
This  paper  p re sen t s  the bas i s  f o r  c r i t e r i a  used  to  identify an  a s s e m -  
Examples  of 
A brief  f inal  s ta tement  is included r e g a r d -  
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SPACE GRADE CHEMICALLY FOAMED SILICONE EUSTCL{ERS 
BY 
Dr .  Arnold A .  Hiltz 
R e - e n t r y  and Envi ronmenta l  Sys t ems  Divis icn 
Room 2023, Bldg. 9 
P.O. Box 8555 
Philadelphia ,  Pennsylvania  19 101 
Chemica l ly  foamed s i l icone  e l a s tomers  have been  shown to b e  exce l len t  
t h e r m a l  pro tec t icn  m a t e r i a l s  for  many  space  appl icat ions a s  w e l l  a s  €o r  l is t ing 
e n t r y  heating conditions encountered during r e - e n t r y .  F o r  instance,  f o r  the 
lower  t e m p e r a t u r e  upper s u r f a c e  o f  the Space Shuttle O r b i t e r ,  r e - u s e  capabi l i ty  
h a s  been  demonst ra ted ,  i n  ground t e s t s ,  conducted a t  heat ing t i m e s  of t h i r t y  
minu tes  p e r  cyc le  a t  s u r f a c e  t empera tu res  of up to 8 0 0 ° F  for a t o t z l  of 100 cyc les .  
One of the main &advantages of conventional s i l i cones  for  s p a c e  appl icat ion 
is tha t  under the  n o r m a l  c u r e  and postcure conditions,  the e l a s t o m e r s  may con-  
ta in  a s  much as 4 - 6% of low molecular  weight o i l s  which can  vola t i l i ze  under the 
low p r e s s u r e s  encountered in  the  s p a c e  environment  and r econdense  on s u r f a c e s  
w h e r e  the undes i rab le  contaminat ion m a y  b e  harmful .  
Space  g r a d e  s i l icones  a r e  ava i lab le  which m e e t  the  outgassing and r econ-  
dens ib le  m a t e r i a l s  r equ i r emen t s  when given t h e  n o r m a l  c u r e  and pos t cu re  
t r e a t m e n t s .  
tion, t h e s e  m a t e r i a l s  a r e  v e r y  expensive.  
the p repa ra t ion  of foams would b e  ex t remely  uneconomical.  
However,  because  of the s t r ipping t r e a t m e n t  used i n  t h e i r  p r e p a r a -  
T h e i r  u s e  as s t a r t i n g  m a t e r i a l s  for  
It has been  found tha t  chemica l ly  foamed e l a s t o m e r s  can  b e  p r e p a r e d  f r o m  
conventional s i l i cones ,  and when these  a r e  subjected to a t h e r m a l  vacuum 
s t r ipp ing  a f t e r  t he  n o r m a l  c u r e  and pos tcure  t r e a t m e n t s ,  m e e t  all the  weight  
loss and volat i le  condensible m a t e r i a l s  c r i t e r i a  r equ i r ed  for  a s p a c e  g r a d e  
material . L 
The r e su l t i ng  low outgassing foams a r e  much m o r e  economica l  t han  would 
be the h a m s  fzbr lca ted  f rom the  s p a c e  grade  s ta r t ing  m a t e r i a l s ,  and p o s s e s s  
phys ica l  and t h e r m a l  p rope r t i e s  similar to o r  s u p e r i o r  to those  foams  which 
have  not  been  given the  s t r ipp ing  t rea tment .  
T r e a t m e n t  conditions,  weight loss data and typical  thermophys i c a l  p r o p e r t i e s  
of both  the conventional and s t r ipped  foams a r e  given in t h e  ?ape re  
of f o a m s  a r e  d iscussed:  (a )  A s e r i e s  which contains inorganic  f i b e r s  to p romote  
the fo rma t ion  o f  a hard  cha r  and to enhance c h a r  re ten t ion  d u r i n g  r e e n t r y  ab la-  
tion. 
to b e  used p r i m a r i l y  as insulat ion for  both low and high t e m p e r z t u r e  appl icat ions.  
Two types  
(b) A s e r i e s  which does not contain inorganic  f i b e r s  and which i s  :intended 
v -2 
ABSTRACT 
I' I NV EST I GAT I ON OF CONTAM I NATION PREVENT I ON TECH 14 I QU E S 
' .  
FOR A CRYOGEMICALLY C O O L E D  TELESCOPE IN EARTH-GR31T" 
b y  M. A .  Hetrick 
. Martin Marietta Aerospace 
Denver, Co Zorado 
T h i s  paper reports on the status of  a study t o  investigate the use 
o f  a helium gas ?urge t o  provide protection t o  cryogenic surfaces inside 
an earth-orbit ing infrared telescope. 
The technology of cooled infrared orbit ing telescopes now of fers  a 
. u n i q u e  opportunity for  astronomers t o  probe more than 30 times deeper 
i n t o  our universe t h a n  previously possible with ground based observator- 
ies. A potential l imitation however, will be contamination e f fec ts .  
Condensation of desorbed gases , outgassing polymers and ambient oxygen 
on mirrors and baffles which are cocled t o  15OK can compromise the other- 
wise enhanced performance of an orbiting IP. systen. 
a l l ev ia t e  t h i s  problem, i t  was suggested t h a t  a continuous flow of helium 
gas out of the telescope barrel be employed t o  purge Contaminants from the 
t e l  escope. 
In an attempt t o  
- A subscale model of a 
system was studied under s 
inject ion temperatures and 
effectiveness against four 
molecules a t  thermal veloc 
a t  1-9 km/sec, d )  DC92-007 
c i ty  O+ and 02+ species. 
typical IR telescope equipped w i t h  a helium purge 
mulated orbital  conditions. Helium flow ra t e s ,  
flow patterns were varied t o  determine the purge 
con taminan t  conditions: a )  DC92-007 outgassing. 
t i e s ,  b )  H20 a t  thermal velocity,  c )  0' and CQT 
outgassing molecules back scattered by high velo- 
Both the subscale configuration and the fu l l  scale Shuttle IR ielescope 
Fac i l i ty  (SIRTF)  were analyt ical ly  modeled. 
analytical  model was used t o  develop scaling c r i t e r i a  and project the sub- 
scale r e su l t s  t o  the fu l l  scale configuration. &- 
A single col l is ion return flux 
Recommendations are made f c r  further analytical and expevimental stud- 
ies  o f  contamination abatement techniques which u t i l i z e  act ive gas purge 
systems. 
California.  






EFFECTIVENESS 0% T H E  SHUTTLE ORBITER PAYLOAD 
BAY LINER AS A BARRIER TO MOLECULAR 
CONTAMLKATION FROM HYDRAULIC FLUIDS 
Rober t  G. Richmond and R o b e r t  M. Kelso 
NASA - Johnson Space Cen te r  
& 
T h e  payload bay  of the Shuttle Orbi te r  is designed to contain 
numerous  
even s l ight  amounts  of molecular  contamination. 
sf molecu la r  contaminat ion v a r y  somewhat  f o r  different  moleccrlar spec ie s ,  
high molecular -weight  components such a s  o i l s  and hydraul ic  fluids c a n  
r e s u l t  in s ignif icant  i m p a i r m e n t  of operat ion o r  degradat ion of expe r imen t  
pe r fo rmance .  
op t i ca l  s u r f a c e s  where  a s ing le  monolayer of a contaminant  could comple te ly  
c o m p r o m i s e  the expe r imen ta l  objectives.  
expe r imen t s  t ha t  a r e  expected to be e x t r e m e l y  sens i t ive  to 
A Lthough the effects  
Th i s  i s  p a r t i c u l a r l y  t rue  in  the c a s e  of expe r imen t s  uti l izing 
In the  p r e s e n t  Shuttle O r b i t e r  configuration, a number  of hydraul ic  
l i nes  ( r e q u i r e d  t o  o p e r a t e  the elevons , m a i n  engine gimbal ,  landing g e a r  
b r a k e s  and s t ee r ing ,  e t c . )  a r e  routed below the  payload bay. A l iner  con-  
s i s t i ng  of Tef lon-coa tedbeta  g l a s s  has been  placed between the  fluid l i n e s  
and the payload bay. Th2 l i ne r  was  designed p r i m a r i l y  to  prevent  par t icu-  
lates genera ted  in t h e  mid- fuse lage  sect ion f r o m  enter ing  the  payload bay;  
its effect iveness  a s  a b a r r i e r  to leaked hydraul ic  fluids was  unknown. 
To evaluate  the e f fec t iveness  of the l i ne r  a s  a b a r r i e r  to molecular  
A molecu la r  gene ra to r  was designed to  s imula t e  a "typical" 
Contamination, a n  expe r imen t  was conducted in a s m a l l  t he rma l -vacuum 
chamber .  
mo lecu la r  f lux;  f lux r a t e s  w e r e  var ied by control l ing the  fluid t e m p e r a t u r e .  
T h e  hydraul ic  fluid used- in  the  experiment  was  manufac tured  per specif i -  
ca t ion  MIL-H-83282A and  ac tua l ly  consis ted of a blend of s e v e r a l  different  
f luids  ( a v e r a g e  molecu la r  weight 421). A thermoelectrically-cooled q u a r t z  
c r y s t a l  mic roba lance  was used to m e a s u r e  the molecu la r  f lux  dens i ty  for  
s e v e r a l  collection s u r f a c e  ( c r y s t a l )  t empera tu res -  to es tab l i sh  the  effective 
"sticking coefficient" fo r  the fluid. Mass  desorp t ion  r a t e s  a s  a function 
of co l l ec to r  s u r f a c e  ( c r y s t a l )  t e m p e r a t u r e  a r e  presented ,  
of the payload bay  l i n e r  a s  a b a r r i e r  to molecular  contaminat ion r e su l t i ng  
f r o m  l e a k s  of hydraul ic  fluid is establ ished and d i s c u s s e d .  
potent ia l ly  r e spons ib l e  fo r  the t r a n s m i s s i o n  of hydraul ic  fluid through t h e  
g l a s s  c loth payload bay  liner a r e  reviewed. 
T h e  e f fec t ivecess  
Mechanisms 
v-4 
PARTICULATE CONTAMINATION - TIE-DOVN WITH PARYLENE C, 
W. E. Loeb 
Union Carbide Corpora t ion  
E l e c t r o  
Entrainment of loose conduct 
packages has been documented as a pe rs  
i c s  D i v i s i o n  
ve p a r t i c l e s  w i t h i n  m i c r o c i r c u i t  
s t e n t  problem. Occas iona l l y ,  sma l l ,  
u s u a l l y  mic roscop ic ,  p ieces  o f  meta l  remain i n s i d e  h e r m e t i c a l l y  sea led  
dev ices  d e s p i t e  strenuous e f f o r t s  t o  assure c l e a n l i n e s s  d u r i n g  manufac tur ing  
opera t i ons .  The problem i s  o f  p a r t i c u l a r  concern when h y b r i d  c i r c u i t s  a re  
employed on spacec ra f t ,  where s t resses  encountered du r ing  launch can cause 
p r e v i o u s l y  undetected p a r t i c l e s  t o  migra te  fran innocuous p o s i t i o n s  t o  places 
r e s u l t i n g  i n  e l e c t r i c a l  sho r t s .  Measures taken, bo th  t o  t e s t  packaged 
dev i ces  f o r  t he  presence of these p a r t i c l e s  and t o  remove them have inc luded  
among o t h e r  means, rad iog raph ic  examinat ion and p a r t i c l e  impact n o i s e  d e t e c t i o n  
(PiND). S t i l l ,  smal l  p a r t i c l e s  can escape n o t i c e  and non-conduct ing p a r t i c l e s ,  
e s p e c i a l l y  i n  P l N D  t e s t i n g ,  can cause p a r t  r e j e c t i o n .  
A p o s i t i v e  s o l u t i o n ,  employed success fu l l y  f o r  N A S A ' s  Centaur 
e l e c t r o n i c s  and under e v a l u a t i o n  by m i l i t a r y  agencies, i nvo l ves  a p l a s t i c  
_coat ing,  Pary lene C. A t  a th i ckness  of 0.1 m i l  t h i s  m a t e r i a l  e f f e c t i v e l y  
encapsulates and sea ls  ( t i e s  d w n )  the  o f fend ing  p a r t i c l e s  i n  p lace ,  p reven t ing  
f u r t h e r  movement t o  p o s i t i o n s  causing e l e c t r i c a l  ma l func t i on .  A d d i t i o n a l l y ,  
t h e  pa ry lene  coa ts  and thus i n s u l a t e s  a l l  sur faces  i n s i d e  the  pzckage, so t h a t  
l a r g e r  p a r t i c l e s ,  should they manage t o  break loose, cannot impa i r  e l e c t r i c a l  
performance. A d d i t i o n a l  process d e t a i l  w i l l  be presented i n  t h i s  rev iew paper. 
I n  c o n t r a s t  t o  convent iona l  l i q u i d  res ins ,  pa ry lene  coa t ings  are  formed 
by py ro ' l ys i s  o f  h i g h  p u r i t y  d i -p -xy l y lene  i n  a vacuum environment, f o l l c w e d  by 
d e p o s i t i o n  and spontaneous po lymer i za t i on  on coo l  surfaces. The process resenbles 
vacuum m e t a l l i z i n g  except t h a t  the  pary lene moncnner molecules,  w h i l e  i n  the  gas 
phase, surround the  o b j e c t  t o  be coated ana cause growth o f  t h e  c o a t i n g  t o  occur  
u n i f o r m l y  on a l l  surfaces. 
C e r t a i n  unique f e a t u r e s  make the  pa ry lene  system s u i t e d  f o r  p a r t i c l e  
t ie-down: The a b i l i t y  o f  the  monomer gas t o  pene t ra te  ho les  and thus coa t  the  
i n s i d e  of m i c r o c i r c u i t  packages; t h e  a b i l i t y  of the  coa t ing  t o  conform p r e c i s e l y  
t o  convo lu ted  surfaces i n c l u d i n g  w i r e  bonds and the  unders ide  o f  i n v e r t e d  c h i p  
devices;  i t s  a b i l i t y  t o  cover thorough ly  a t  th icknesses of 0.1 m i l  and below 
C o m p a t i b i l i t y  of  Pary lene C coat ings  w i t h  a c t i v e  and most pass ive  
dev ices  has been demonstrated. Documentation o f  these and the  exceDtions w i  
g i ven .  
1 be 
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AFGi  IiiFRAAiiED SuRvL'EY E X P E R I M E m  
CLEAN I NG PROCEDURE 
Charles V .  Cunniff 
Air Force Geophysics Laboratory 
Bedford, Massachusetts 
ABSTR4CT 
The Air Force Geophysics Laboratory HI STAR sounding rocket program was 
designed to  provide an infrared survey of the ce les t ia l  sphere. 
par t iculate  contamination upon infrared experiments in space has long been 
recognized and payload handling techniques have been developed t o  mininiize 
the poss ib i l i ty  of d u s t  and d i r t  i n  the experimental environment. 
payload was designed therefore to  f a c i l i t a t e  removal o f  a l l  traces of possible 
external contaminants e i the r  by containing them inside fu l ly  enclosed areas o r  
removing them from exposed sections. The clean area was isolated from the 
contaminated area by "0" ring bulkheads both fore and a f t  and from the outside 
by ejectable  doors .  
The e f fec t  of 
Tne survey 
Special development procedures were employed for  the cleaning and d r y i n g  
of  the super polished mirrors i n  the infrared radiometer, and special cleaning 
processes were used f o r  small parts and tools used i n  the clean room. 
An u l t rav io le t  lamp was used t o  see l i n t ,  dust and other fluorescent 
material. 
effect ively cleaned the payload. 
Precise cleaning of a l l  surfaces t o  include the fluorescent material 
A s tep  by s tep method of payload cleaning i s  described from the nose t i p  
and s t e l l a r  aspect system t o  the separation j o i n t  above the rocket sustainer.  
Special rules for  a l l  operations i n  the clean room were evolved and adhered t o  
h t  a l l  times d u r i n g  cleaning. 
and d u r i n g  payload operation in the launch tower were devised. 
Following cleaning, clean bagging and debagging procedures prior t o  launch 
I n  ten launches of the HI STAR program ninty percent of the sky was surveyed 
and some 3200 ce les t ia l  objects located. 
sky i n  four d i f fe ren t  wavelength regions. 
Final r e su l t  was a catalogue of the 
4 
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PARTICULATE CONTAKNATION COSTROL FOR 
THE V I K I N G  AND VOYAGER UNMAXNED PLANETARY SPACECRAFT 
Alan R. Hoffman 
J e t  Propulsion Laboratory 
Cal i forn ja  I n s t i t u t e  of Technology 
P a r t i c l e s  re leased  during t h e  f l i g h t  of planetary spacecraf t  can r e s u l c  i n  e i t h e r  
unacceptable performance of science instruments o r  i n  mission operzitions problems 
caused by p a r t i c l e s  i n t e r f e r i n g  with the c e l e s t i a l  sensors.  Because of planetary 
pro tec t ion  requirements f o r  spacecraf t  f l y ing  to  p lane ts  o f  b io log ica l  i n t e r e s t ,  
a high degree of e x t e r i o r  p a r t i c u l a t e  c leanl iness  is a l s o  des i r ab le  t o  reduce the  
l ike l ihood of the accumulation of microbial burden on spacecraf t  surfaces .  To 
minimize t h e  accunulation of pa r t i cu la t e  matter on the  spacecraf t  e x t e r i o r  sur- 
faces ,  t h e  Viking and Voyager p ro jec t s  contamination cont ro l  programs consis ted of 
e s t ab l i sh ing  c leanl iness  requirements for  f a c i l i t i e s ,  equipment, and personnel. 
This paper discusses  the  e f fec t iveness  of these programs during the'prelaunch 
opera t ions  a t  Cape Canaveral. 
The f i n a l  assembly and checkout of the Viking and Voyager unmanned planetary 
spacecraf t  occurred i n  Class 100,000 (or b e t t e r )  cleanrooms. Following spacecraf t  
encapsulat ion,  t he  payioad was continuously subjected to  Class 100 a i r  during 
t ranspor t ,  h o i s t ,  and on-pad operations.  Several d i f f e r e n t  p a r t i c u l a t e  determins- 
t i o n  approaches were used t o  ve r i fy  not  only Spacecraft sur face  c l ean l ines s  bu: 
a l s o  a i r  c leanl iness .  These included v isua l  inspect ion of sur faces  with and 
without magnifying a ids ,  co l lec t ion  of v i s i b l e  surface p a r t i c l e s  f o r  chemical 
ana lys i s ,  l i g h t  s c a t t e r i n g  pa r t i c l e  measuring devices,  and spec ia l ly  developed 
samples f o r  monitoring exhaust a i r .  
Visual inspect ions of spacecraf t  surfaces occurred per iodica l ly  during the  pre- 
launch operat ions.  The contamination. control  inspection team would e i t h e r  c e r t i f y  
c l ean l ines s  of t h e  spacecraf t  o r  require  addi t iona l  cleaning. When i t  w a s  neces- 
s a ry  t o  i d e n t i f y  the  types of p a r t i c l e s  noted, p a r t i c l e s  were subjec t  t o  chemical 
OK s p e c t r a l  analyses.  
Volumetric measurements of t h s  a i r  c leanl iness  of the  cleanrooms and t h e  encapsu- 
l a t e d  payload a i r  conditioning s y s t e m s  were made usipg l i g h t  s c a t t e r i n g  ins t ru-  
ments. The da ta  shows t h a t  t he  air c leanl iness  requirements f o r  t h e  cleanrooms 
and t h e  a i r  conditioning systems were s a t i s f i e d .  
a t  high a i r  v e l o c i t i e s ,  as i:: the  a i r  ccsdi t icning diicts, spec ia l ly  designed 
i s o k i n e t i c  probes were used. 
To obtain r e l i a b l e  measurements 
TO eva lua te  a i r  c leanl iness  during the  t ransport  and h o i s t  operet ions of t he  
encapsulated spacecraf t ,  a p a i r  of spec ia l ly  designed 40 mm d isk  samples were 
placed i n  the  exhaust area of the payload. 
obtaining q u a l i t a t i v e  type of measurements during the f i v e  a i r  conditioning chang- 
es during these operat ions as w e l l  a s  during on-pad operat ions i f  i n l e t  a i r  
c l ean l ines s  became marginal. 
This technique proved acceptable f o r  
F ina l ly ,  i n - f l i gh t  b r igh t  p a r t i c l e  occurrences a s  detected by the  s t a r  t rackers  
are used a s  an ind i r ec t  i cd ica t ion  of surface cleanl iness .  
with previous Mariner spacecraf t ,  the  Viking and Voyager spacecraf t  have had 
fewer b r igh t  p a r t i c l e  occurrences. 
Based on comparisons 
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2nd Surface Mirror Cleaning and Verif icat ion 
BY 
Dr. M. K. Barsh 
Aerojet ElectroSystems Company 
Azusa, Cal i fornia  I 
The require==-, t h a t  an advanced space s a t e l l i t e  be free of contamination %on 
o r b i t  insert<:= resu l ted  i n  mre str ingent  e f f o r t s  t o  ecsure naxinm c l e m l i n e s s  
a t  launch. 
cont ro l  r s d i e x z  surfaces and anci l lary procedL-es were invoked t o  ve r i fy  t h e i r  
'cleanliness :=-.-=I a t  launch. 
Sze-ial techniques were developed t o  clean 2nd surface mirror therza l  
Panels u t i l i z l z g  as many as 10,OCO separate mirrors are used t o  achieve t h e m a l  
cont ro l  of YCS sa t e l l i t e  system 
va r i e ty  of pc:.sztizl contaminating enviror-ments during the s a t e l l i t e  h i s  t o ry  cf 
fabr ica t ion ,  Gsenbly,  a&ient/vacuum tes t ing ,  storage, shipment, and launch 
readiness, ~ e - 2 ~ 3 ~  were studied t o  determine how bes t  t o  clean and subsequentkj 
ver i fy  mirror  z lesnl iness  before launch. Whereas simple wiping cf t he  surfzces 
with f ab r i c s  =-51 appropriate solvents t o  achieve l'visual c l a r i t y "  m y  leave 
residues of ss nuch as 1000 8 of surface contaminant, it was not evident how much 
improvement czTAd be achieved by additional cleaning. 
Since the mirror pv le l s  can be e q o s e d  t o  a 
A n  e f fec t ive  L e m i n g  procedure was established f o r  2nd surface-thermal-control 
mirrors u s i r g  -:-,igcr Electron Spectroscopy t o  measure t h e  contaxinant residues on 
variously cle-c=.d mirror panels. It was subsequently found t h a t  two sequent ia l  
cleaning operz=-sions performed on lndivldual mirror elements af ter  t h e  ' 'visual 
c l a r i t y "  cor? ,,-,-on - had been obtained wculd achieve g minimal contvl inat ion l e v e l  
of l e s s  than 2: 2 on t h e  mirrors. 
procedure prc-,?kd a means of verifying the l e v e l  of c leanl iness  achieved. These 
techoicpes, c-=sntly eqloyec? tc pmvide ms-m *u 2r;d s-aface-intrror e i ev l l i nes s  
a t  launch of X5:rojet sFace systems, w i l l  be  described. 
I n  addition, a post-cleming wipe-and-extraction 
Veri f ica t ion  of Spacecraf t  Su r face  C lean l ines s  
1,. H, Rachal  
Mat e r i a l s  Sc ienc e s Lab0 r a  to r y  
Ivan A. Getting L a b o r a t o r i e s  
The  Aerospace  Corpora t ion  
Techniques  u s e d  in deterniining the  c l ean l ines s  l eve l s  (both 
p a r t i c u l a t e  and  non-volat i le  r e s idue )  of s p a c e c r a f t  s u r f a c e s  wil l  be 
d i s c u s s e d .  
l a b o r a t o r y  and launch pad environments .  
de t e rmina t ion  r e q u i r e s  wiping a known a r e a  with a spec ia l ly  t r e a t e d  
c lo th  m o i s t e n e d  in  a se lec ted  solvent blend. 
t o  d e t e r m i n e  the non-volat i le  res idue.  
t h e  s a m e  p r o c e d u r e  except  no sur face  is  wiped; t h i s  a l lows one to 
d e t e r m i n e  the background of the ver i f ica t ion  procedure .  
as d e t e r m i n e d  by ex t rac t ion  of the control  wipes i s  approximate ly  50 
m i c r o g r a m s ,  a f a c t o r  of twenty below l eve l  A of M I L  S T D  1246A. 
T h e s e  techniques have been used  in manufactur ing,  t e s t  
The  non-volat i le  r e s i d u e  
The  wipe i s  then ex t r ac t ed  
Two con t ro l  wipes a r e  taken t h r u  
The  background 
T h r e e  techniques  f o r  de te rmining  pa r t i cu la t e  c l ean l ines s  l eve l s  
(photographic ,  w i tnes s  blanket  w a s h ,  and tape s a m p l e )  wi l l  b e  descr ibed .  
The d e p a r t u r e  f r o m  the  MIL STD 1246A s i z e  d is t r ibu t ion  (in a c lean  
e n v i r o n m e n t )  a s  determii ied f r o m  these  t e s t  r e s u l t s  wi l l  be d iscussed .  
VI- i  
SPACECRAFT PARTICULATE CONTAMINATION - A SURVEY 
Ernest B. Ress 
Martin Rarietta Aerospace 
Denver Division 
ABSTRACT 
Based on current NASA par t iculate  control c r i t e r i a  f o r  the STS 
a s  well a s  an increased DOD interest i n  the induced par t icu la te  en- 
vironment of a spacecraft, there  i s  a need t o  be t t e r  understand p a r t i -  
cu la te  contamination and  begin the development o f  a par t icu la te  model 
analogous t o  t h a t  of current molecular contamination models. 
paper will  present a survey of par t icu la te  data as  re la ted t o  various 
previous flown spacecraft programs. An interpretation of this data 
will b e  made a s  i t  r e l a t e s  t o  current spacecraft programs and c r i t e r i a .  
The r e s u l t s  of a number of independent s tudies  r e l a t ing  t o  the produc- 
t i on  of spacecraft particulates will a lso be presented. An overview 
o f  the  elements necessary f o r  t h e  development of a par t icu la te  model 
will be made. Key areas i n  the development of such a model will be 
addressed. 









1-11 S p a c e c r a f t  Environments t 
E. J. Yadlowsky, R. C.  Haze l ton ,  and R. J. C h u r c h i l l  
Colorado S t a t e  U n i v e r s i t y ,  F o r t  C o l l i n s ,  CO 80521 
S p a c e c r a f t  a t  geosynchronous a l t i t u d e s  are  s u b j e c t  t o  f l u x e s  of  high 
energy  e l e c t r o n s  which r e s u l t  i n  a charge  bui ld-up and subsequent  
e l e c t r i c a l  breakdown a t  d i e l e c t r i c  s u r f a c e s .  To s i m u l a t e  t h e s e  e f f e c t s  
a l a b o r a t o r y  program a t  Colorado S ta te  U n i v e r s i t y  u t i l i z e s  a high-  
e n e r g y  e l e c t r o n  bean i n c i d e n t  upon t h i n  s h e e t s  of s i l v e r - b a c k e d  t e f l o n .  
The c i r c u l a r  t e f l o n  sample is mounted on an a n n u l a r  r i n g  and i s  en- 
c l o s e d  by a grounded aluminum box whose en t rance  a p e r t u r e  a s s u r e s  t h a t  
t h e  edges  of t h e  t e f l o n  sample a r e  n o t  d i r e c t l y  i r r a d i a t e d  by t h e  
e l e c t r o n  beam. 
e m i s s i o n  and material damage on both t h e  f r o n t  and back s u r f a c e s  of  
the  t e f l o n  s a m p l e .  
T h i s  arrangement  f a c i l i t a t e s  t h e  s t u d y  o f  p a r t i c l e  
Measurements are made of  e l e c t r o n  beam c h a r g i n g  c u r r e n t ,  c h a r g i n g  
t i m e ,  and s u r f a c e  v o l t a g e  under  s t a t i c  c o n d i t i o n s  w h i l e  o s c i l l o g r a p h s  
i n  c o n j u n c t i o n  w i t h  t r a n s i e n t  c u r r e n t  p r o b e s ,  f a s t  r e s p o n s e  p o t e n t i a l  
d i v i d e r s ,  l o o p  antennas,photomultipliers and charged p a r t i c l e  d e t e c -  
to rs  r e c o r d  t h e  t r a n s i e n t  n a t u r e  of t h e  e l ec t r i ca l  d i s c h a r g e s .  
p h y s i c a l  appearance  of  t h e  se l f - luminous  e lec t r ica l  d i s c h a r g e s  i s  re- 
corded  w j t h  t i m e - i n t e g r a t e d  photography,  and t h e  r e s u l t a n t  damage t o  
t h e  d i e l e c t r i c  s u r f a c e  as  w e l l  as t h e  s i tes  of  d i s c h a r g e  p u n c t u r e s  
through t h e  d i e l e c t r i c  l a y e r  are  examined by means of s c a n n i n g  a l e c -  
tmnbearn micrographs.  The most prominent damage f e a t u r e  r e v e a l e d  by 
t h e  photographs  is t h e  ex is tence  o f  c r a t e r - l i k e  p u n c t u r e s ,  some 0.06 
mm in d i a m e t e r ,  th rough t h e  t e f l o n  l a y e r  from t h e  f r o n t  s u r f a c e  t o  
t h e  s i l v e r  l aye r  which c o a t s  t h e  back s u r f a c e  of  t h e  s a m p l e .  
t u r e - t y p e  breakdowns occur  i n  1 m i l  t e f l o n  samples  a t  a n  e l e c t r o n  
beam v o l t a g e  of 10kV, whereas 3 mil t e f l o n  samples  breakdown a t  a 
24kV e l e c t r o n  beam v o l t a g e .  
10-2OkV n e g a t i v e  p o t e n t i a l s  t o  which s p a c e c r a f t  s u r f a c e s  become 
The 
Punc- 
These values are  t o  be compared w i t h  t h e  
-. charged .  2 ;\ 
4 
The charged  p a r t i c l e s  emanat ing from t h e  site of t h e  puncture- type  
d i s c h a r g e s  have been measured w i t h  b i a s e d  Faraday cups  from which 
P a r t i c l e  e n e r g i e s  and charge-tc-mass r a t i o s  may be i n f e r r e d .  Pre-  
l i m i n a r y  r e s u l t s  i n d i c a t e  t h a t  b o t h  e l e c t r o n s  and p o s i t i v e  i o n s  are 
e m i t t e d  from t h e  e l e c t r i c a l  d i s c h a r g e  and t h a t  s i g n i f i c a n t  q u a n t i t i e s  
of h e a t e d  t e f l o n  are t r a n s p o r t e d  from t h e  d i s c h a r g e  s i t e  tc t h e  n e a r -  
Ly d i e l e c t r i c  s u r f a c e s .  
and o t h e r  materials from t h e  d i s c h a r g e  s i t e  c o n s t i t u t e  s c u r c e s  o f  
c o n t a m i n a n t s  t o  s p a c e c r a f t  s e n s o r s  and thermal  c o n t r o l  systems w i l l  
be e x p l o r e d  i n  t h e  paper .  
The e x t e n t  t o  which t h e s e  charged p a r t i c l e s  . 
'Sponsored by NASA Grant No. NSG-3145 
' 1  
VI- 3 
OPTICAL PROPERTIES OF CRYOCONTAMINANTS 
J. A .  ROUX, B. E. Wood, J. G. P ipes ,  and A.M. Smi th  
ARO, Inc. 
AEDC Division 
A Sverd rup  Corpora t ion  Company 
and 
H. E. Scot t  
USAF, AEDC 
Arnold A F  Station, Tennessee  
ABSTRACT 
T h e  in f r a red  s p e c t r a l  t r ansmi t t ance  of c ryodespos i t s  fo rmed  by  MMH, 
a n d %  0 - 8%) was  m e a s u r e d .  T h e s e  deposits.  w e r e  cryopumped on a 20°K 
g e r m a n i u m  s u b s t r a t e  and ranged in thickness  f r o m  0.25 to 5 pm;  the depQsi t ion 
p r e s s u r e  for the MMH and Pi 0 deposi ts  was 5 ~ 1 0 - ~  t o r r  while tha t  for  the  
s imula ted  plume m i x t u r e  was 2 a%out lx 10- 6 t o r r .  T r a n s m i s s i o n  s p e c t r a  w e r e  
obtained for the 500 to 3700 wavenumber range  using a F o u r i e r  t r a n s f o r m  
s p e c t r o m e t e r .  
f ication, the  in tegra ted  absorpt ion s e r v e s  as a quantitative m e a s u r e  of the 
contaminant  in t h e  c a s e  of pu re  cryodeposi ts ,  
NZo and a s imula ted  exhaust  plume m i x t u r e  ( N  2 - 6loJ0, C02 - 2170, co - 1070, I 
2 
In addition to the  value of these  s p e c t r a  for  contaminant  ident i -  
T h e  opt ica l  p rope r t i e s  (n,  k) of such cryodepos i t s  a r e  e s sen t i a l  t o  p r e -  
dicting the degradat ion of plume contaminated cryocooled opt ica l  s u r f a c e s .  
Values  of the complex index of r e f r ac t ion  (2 = n- ik)  f o r  t he  c ryodepos i t s  w e r e  
de r ived  f r o m  the exper imenta l  data  using an  analyt ical  mode l  and a non- l inear  
l e a s t  s q u a r e s  method. Our analyt ical  rr,odel t r e a t s  the g e r m a n i u m  a s  a thick 
non- in te r fe r ing  film and the  deposi t  as  a thin film. 
s q u a r e s  method a r e  a l s o  compared  with a " ramers -Kron ig  de te rmina t ion  of 
Resul t s  f r o m  the l e a s t  
the  r e a l  p a r t  of the  index of refract ion.  4 
t 
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Ab s t r ec t 
The experimental work of AESC .on t h e  S a t e l l i t e  Con ta ina t ion  
P rogrm i s  presented covering the txo  f a c i l i t i e s  use3, spec ia l  
i n s t m e n t a t i o n  and t e s t i n g  procedures develoTed, and a survey 
of the  test r e s u l t s  which denonstrate the geceral  ernission ar.8 
adsorption cha rac t e r i s t i c s  of polymer outgassiag i n  space md 
the e f f e c t s  of t h e i r  condcnsible products on cold t h e m  
cont ro l  surfaces and op t i ce l  t r a i n  compcnents. 
Aeroj e t  
E. A. Zeiner 
Scient i s  t 
ElectroSystecs Company 
,-Jxs~., California  
Under the  recent  AFXL S a t e l l i t e  Contamination Progrm, AESC has been making e q e r i -  
mental inves t iga t ions  on esro inportant  axeas of the spece conten-hation phenomccn. 
denslble  m t e r i a l s  ('JCTI) from non-metallic sources followe? by the  depos' Ation of 
these VCM on colder receptor surfaces,  and subsequectly the  e f f e c t s  on the  therzlel 
and optical. proDerties of t h e  contaminated receptors. 
clear, vacuum chzm5ers a re  befng used f o r  this work. 
F a c i l i t y  (Molekit) is u t i l i z e d  t o  measure the material  p rope r t i e s  which character ize  
t h e  mass re lease ,  t r ampor t ,  and deposition of the  VCI4 while the  Surfece Materld-s 
Effec ts  F a c i l i t y  (Si4EF) d c e s  the su3sequent e f f e c t s  measurements on typ ica l  c m -  
taminatcd receptor  surfaces. 
- The areas covered by these s tud ies  invclve ';he re lease of molecular v o l a t i l e  con- 
Two -7ery high vacuurt ultrs 
The Holecular Kinetics Testing 
The p r i n c i p l e  device used i n  the Molekit i s  an array of quartz c r y s t a l  microbalances 
(QCMs). I n  t h e  WZF, a dual beam i n t e g r a t i n g  sphere i s  used t o  measure chmges i n  
t h e  s p e c t r a l  ref lectance and transmittance of contaninated receptor surfaces vhi le  
the s c a t t e r  e f f e c t s  are  measured with an in - s i tu  scatterometer. 
through automated programing and s tored on magnetic tape with simultaneous r e a i  
time p l o t t i n g  and pr intout .  The k ine t i c  Fropert ies  and contaminaticn e f f e c t s  m d e r  
the  influence of low l e v e l  l a s e r  encounters and u l t r a v i o l e t  rad ia t ion  Lwe a l s o  being 
studied. 
This r epor t  f u r t h e r  d e t a i l s  the ca l ibra t ion  and t e s t inggrocedures  necessary t o  obtain 
the p rec i se  k ine t i c s  and t r v l s g o r t  da tz  using typ ica l  QCI4s over a wide temperature 
range f ro=  -170°C through 125°C a d  under very x p i d  changes i n  source heating. 
Spec ia l  ca l ib ra t ion  procedures a r e  required, F a r % i c x h r l y  f ~ r  the ra-gid so-uce 
temperature r i s e s  associated wi th  l e s e r  encounters. I n  the  SMEF, s p e c i d  design acd 
procedures a r e  introduced t o  m i n t a i n  the op t i ca l  a l i g n E n t  of the in tegra t ing  sphere 
o p t i c a l  t r a i n  i n  the  preseme of la rge  t e q e r a t u r e  gradients  and t o  cl i n h i z e  i n - s i t u  
backgrowd sca t t e r ing  of the l a s e r  bean used t o  rake sca t t e r ing  measurements. 
t h e  repor t  presents  a survey of' the  basic  outgassing, t ranspor t ,  end deposit ion 
c h a r a c t e r i s t i c s  f o r  the p o l p e r i c  source materials examined and of the  e f f e c t s  t h a t  
t h e i r  VCId has on several  t yp ica l  receptor surfaces. 
All data  is  acqairlt2 
Pinally,  
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CONTAMINATION EFFECTS AND CUTGAS SiJECIZS AIV.LYSIS OF 
SOME SPACECRAFT YATERIAIS 
I 
, C. K. L i u  and A . P . M .  Glassford 
Lockheed Pa10 Alto Research Laboratories 
8 
Measurements have been made t o  determine the  re la t ionship  between the  axount 
of outgas products f rom spacecraf t  rnaterizls condensed on spacecraf t  c r i t i c a l  
surfaces and the  resu l t ing  change i n  t h e i r  op t i ca l  p roper t ies .  
measurements was t o  generate engineering data  t o  show trends r a the r  than deter-  
mine fundamental p roper t ies .  
graphi te-reinforced epoxy corcposite; Kapton tape;sr.d FEP Teflon-si lver  second 
surface rnirrorotape, wit8 SR-585 and E 2 3  adhesives. 
t u r e s  were 125 C and 176 C .  
so l a r  absorptance of aluminized Teflon f l ex ib l e  o p t i c a l  s o l a r  r e f l e c t o r  (AL/FCSR) 
and the  transmittance of so l a r  c e l l  cover g l a s s .  These surfaces were con a i i n -  
a t ed  i n  vacuum a t  25 C.  The deposit  dens i t ies  s tudied ranged between lo-' and 
gms/cm2. The basic  experimental method was t o  arrange the  t e s t  surface ando 
a quartz c r y s t a l  microbalance (QCM) i n  a vacuum chamber, so tnat both were a t  25 C ,  
and both had the  sane *hew faz to r  t o  the o r i f i c e  of a Knudsen ce l l - type  outgas 
source m a t e r i a l  holder. 
area co l l ec t ed  oil t he  QCM i s  the  same as  t h a t  on the  co l l ec to r  surface.  
The i n t e n t  of the  
The outgas sources used were s-13 GLO white pa in t ;  
The outgas source tempera- 
The surface o p t i c a l  g roper t ies  s tudied were the 
0 
- 
It w a s  then assumed t h a t  t he  contaminant mass per  unit 
bleasuremer,ts have a l so  been made t o  determine the  number and v o l a t i l i t y  of 
t h e  outgas species generated by t h e  various source mater ia l s  used i n  t h e  contan- 
i na t ion  t e s t s .  The outgas products from source mater ia l  samFles were co l l ec t ed  
on a l i q u i d  nitrogen-cooled QCM. 
species i d e n t i f i e d  by f r a c t i o n a l  d i s t i l l a t i o n .  This process, which i s  r e fe r r ed  
t o  as QCM/Th@mogravimetric analysis  (QCM/TGA) i s  shown t o  be r e l a t i v e l y  success  
f u l ,  although ca re fu l  technique i s  required. Problem areas  where improvement i n  
technique and/or da tz  analysis  are  requir, ad a re  discussed. 
The QCM was then warmed up and the  various 
VI-6  
THE INFLUENCE OF T H E  U V  - INTENSITY ON 
I.F. FILTER PROTECTED SECOND SURFACE M I R R O R  ALPHA -S 
STABILITIES, INCLUDING SURFACES WITH CONDUCTIVE T O P  LAYERS 
by 
Otto K .  Husmann 
Mess  e r s  chmitt-Bolkow-Blohm 
K. K e r n e r ,  R .  Bosch  GmbH 
J. Nagele, B a l z e r s  GmbH 
. 
Recent ly  SSM and OSR with improved a lpha-s  
To save  time, the  s imula ted  UV - exposures  w e r e  
cons tan ts .  However , it m a y  be  questionable,  t ha t  
w i l l  show up under  exposure  with two or one s o l a r  
tests a re  d i r e c t e d  toward study of the SSM alpha-s  
1 stabi l i ty  w e r e  repor ted .  
pe r fo rmed  with 7.5 s o l a r  
t h i s  improved p e r f o r m a n c e  
constants .  T h e r e f o r e ,  c u r r e n t  
s tabi l i ty  under expos ur e with - 
smaller UV d o s e s .  
40 KeV pro tons ,  t o  4 0  KeV protons,  and to  40 KeV e lec t rons .  
eight samples. 
Four  ident ical  s e t s  of s a m p l e s  w e r e  exposed to UV, UV and 
E a c h  s e t  contains  
Inco rpora t ed  in t h e s e  t e s t s  is .125 mm thick  Teflon FEP, coated with 
seven  l a y e r s  of ZnS/Al 0 
s i l v e r  r e f l ec to r ,  about $58; 8, thick.  
T h e i r  back s i d e s  c a r r y  e i ther  an  aluminum o r  a 
P a r k  of the t e s t ed  and I.F. f i l t e r  protected SSM a r e  coated with a thin 
conductive top layer  of Ln 0 , with 107' Sn02. Study of the t i m e  s tab i l i ty  of th i s  
top l aye r  r e s i s t a n c e  is one l e a t u r e  of the c u r r e n t  tests. On opposite s i d e s  two 
w i r e s  a r e  glued on with Ecobond 57 C, permi t t ing  constant cont ro l  of the 
r e s i s t a n c e  . 
2 
4 
Re?. 1: O.K. Husmann and K. Kerne r ,  "Solar Radiation Res i s t ance  LmFrove- 
m e n t  af Seccnd Sur face  M i r r o r s  and Optical  Solar Ref lec tors  b y  Deposit ion of 
i n t e r f e r e n c e  F i l t e r s . "  J. Vac .  Sci .  Tech. , Vol. 14, No. 1, p. 200, 1977, 
J a n / F e b .  
Work  suppor ted  by  the DFVLR , West  Germany 
e ,  
t 
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SILVER -TEFLON COPJTAh INA TION, 
RADIATION STUDIES 
J L T R  A VIOLET 
J. A .  Muscar i ,  Mart in  Mar i e t t a  A e r o s p a c e  
Denver .  Division 
R .  0. Rantanen, Mar t in  Mar i e t t a  Aerospace  
Denver Division 
S. Jacobs ,  NASA/JSC 
The s i lve r -Te f lon  r ad ia to r  su r faces  on t,,e ins ide  of the Shuttle 
Orbi ter  payload bay  door s  can  potentially be  degraded  from Orb i t e r  induced 
contaminants during n o r m a l  operat ions.  
to de te rmine  the  in-s i tu  change in  so l a r  absorp tance  of the s i lver -Tef lon  
samples  f r o m  .25 p m  too2. 5 pm a f t e r  UV i r r ad ia t ion  of deposited f i lm 
thicknesses  (100 - 1000 A )  of Orb i t e r  hydraulic fluid and R T V  560 outgassing 
products .  So la r  absorp tance  measu remen t s  w e r e  per formed o n  the  samples 
p r io r  to deposit ion,  a f t e r  deposit ion and a f t e r  UV i r rad ia t ion .  I r r ad ia t ions  
w e r e  pe r fo rmed  in  the far UV, 122 and 147 nm, as we l l  a s  f r o m  .25  pm to 
2.5pm for  48 and 300 hours .  
r e s to ra t ion  of contaminated s u r f a c e s  to  the i r  o r ig ina l  values .  
Evaluat ions have been  per formed 
Cleaning techniques w e r e  investigated to s tudy 
4 
